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PREFACE 

Notwithstanding  the  treatises  on  the  Steam  Turbine  which  have 
already  been  published,  there  is  still  a  distinct  field  heretofore  not 
covered.  This  relates  to  a  consideration  of  the  subject  from  the 
standpoint  of  the  purchaser  and  user.  While  the  purchaser  is 
only  incidentally  interested  in  the  theory  and  design  of  the  steam 
turbine,  he  is  deeply  concerned  as  to  the  question  of  its  economy 
as  regards  not  only  steam  consumption  but  also  first  cost  and 
maintenance.  It  is,  moreover,  to  him  of  great  importance  to  be 
in  a  position  to  estimate  the  relative  total  costs  and  economy  of 
complete  projects  in  which,  on  the  one  hand,  steam  turbines,  and, 
on  the  other  hand,  other  types  of  prime  mover  are  employed. 

Manufacturers  and  Designers  become  so  absorbed  in  their 
respective  occupations  that  they  are  apt  to  lose  sight  of,  or  not 
have  time  to  investigate,  some  aspects  of  the  subject.  Thus,  to 
them  also,  we  believe,  our  work  may  prove  of  service. 

The  authors  wish  to  embrace  this  opportunity  of  making  due 
acknowledgment  of  the  assistance  rendered  them  by  designers, 
manufacturers,  and  users. 

In  the  former  class  should  be  mentioned  Professor  Rateau, 
Directors  Zoelly  and  0.  Lasche,  M.  Sosnowski,  Mr  F.  Samuelson, 
Mr  Wm.  Gray,  Mr  August  Kruesi,  and  Mr  Konrad  Andersson. 

The  list  of  Manufacturers  who  have  placed  data  at  our  disposal 
includes : — The  Soci^t^  de  Laval  of  France ;  Messrs  Greenwood  & 
Batley,  Leeds ;  The  de  Laval  Steam  Turbine  Co.,  Trenton,  N.  J.;  The 
Maschinenbau-Anstalt  Humboldt,  Kalk,  near  Cologne;  Messrs 
Brown-Boveri  &  Co.;  The  Brush  Electrical  Engineering  Co.,  Ltd.; 
Willans  &  Eobinson,  Ltd.;  Messrs  C.  A.  Parsons  &  Co.;  The 
Westinghouse  Cos.  of  Pittsburg  and  Manchester;  The  General 
Electric  Co.  of  America;  The  British  Thomson-Houston  Co.; 
Messrs  Belliss  &  Morcom;  Messrs  Bumstead  &  Chandler; 
Messrs  Browett,  lindley  &  Co. ;  Messrs  Howden ;  Messrs  Van  der 
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Kerchove;  Messrs  Escher,  Wyss  &  Co.;  The  Hoovens-Owens- 
Eentschler  Co. ;  Gresellschaft  fur  Elektrische  Industrie  of 
Karlsruhe  ;  The  Allgemeine  Elektricitats  Gesellschaf t ;  Messrs 
Fraser  &  Chalmers ;  Messrs  Turbinia  deutsche  Marine  A.g. ;  Messrs 
Parsons  Marine  Steam  Turbine  Co.;  Messrs  Babcock  &  Wilcox; 
Messrs  W.  H.  Allen  &  Co. ;  Messrs  Edwards  Air-Pump  Syndicate ; 
Messrs  Mirrlees,  Watson  Co.;  Messrs  Wheeler  Condenser  & 
Engineering  Co. ;  Messrs  Biles  &  Gray ;  Messrs  T.  Sugden,  Ltd. ; 
Messrs  Klein  Eng.  Co. ;  Messrs  Yarrow  &  Co. 

In  supplying  us  data  regarding  plants  employing  steam  turbines, 
and  also  (in  order  to  obtain  comparisons)  regarding  piston-engine 
plants,  we  are  indebted  to  the  courtesy  of — 


Mr  W.  J.  Bache,  Gloucester. 
„  S.  E.  Barnes,  Cleethorpe. 
„  Ralph  Bennett,  Los  Angeles, 

Cal. 
„  A.  J.  Bird,  Guernsey. 
„  R.  Birkett,  Burnley. 
„  C.  N.    Black,  Metropolitan 

S.  R  Co.,  Kansas  City. 
„   R  Blackmore,  Stalybridge. 
„   G.  A.  Bruce,  Lowestoft. 
„  J.  K.  Brydges,  Eastbourne. 
„   W.   J.    W.    Bullock,   West 

Ham. 
„   C.  D.  Burnet,  Carlisle. 
„  A.    D.    Chalmers,    Gilling- 

ham. 
„   J.     E.     Chapman,     Under- 
ground Electric  Eys.  Co. 
of  London. 
„  G.    Charleton,    Kiddermin- 
ster. 
„  A.  T.  Cooper,  Reading. 
The  Chief  Engineers  of — 
Alpha  Place,  Chelsea ;  Barnes ; 
Boston  &  N.S.R  Co.,  Lowell ; 
Burton-on-Trent ;  Harrogate ; 
Quincy  Point  Power  Station ; 
Old  Colony  St.  Ry.  Co.;  Scar- 
borough E.  S.  Co.;  Walsall. 


Mr  Jas.  Dalrymple,  Glasgow. 

„   H.  Dickinson,  Leeds. 

„  S.  E.  Fedden,  Sheffield. 

„  S.  B.  Fortenbaugh,  Lots 
Road,  Chelsea. 

„   0.  F.  Francis,  Kirkcaldy. 

„  W.  Alan  Fraser,  Nelson. 

„  W.  Jensen,  Chatham. 

„   C.  Jones,  Neasden. 

„   F.  A.  Knight,  McKenna  Co. 

„  H.  Tomlinson  Lee,  Wim- 
bledon. 

„   C.  F.  Parkinson,  Paisley. 

„   H.  H.  Perry,  Brimsdown. 

„   S.  L.  Pearce,  Manchester. 

„  Geoflfry  Porter,  Worthing. 

„   A.  H.  Pott,  Brimsdown. 

„  H.  Richardson,  Dundee. 

„  Eustace  Ridley,  London. 

„  J.  A.  Robertson,  Greenock. 

„   W.  M.  Rogerson,  Halifax. 

„   S.  D.  Schofield,  Shipley. 

„   A.  H.  Shaw,  Ilford. 

„  J.  Shaw,  Mersey  Ry. 

„  C.  E.  C.  Shawfield,  Wolver- 
hampton. 

„   H.  R  Sinnett,  Barrow. 

„  T.  Robert  Smith,  Leicester. 

„   N.  Swaffield,  Reading. 
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Mr  C.  D.  Taite,  Salford.  Mr  W.  C.  Ullraann,  East  Ham. 

„   H.     M.     Taylor,     Middles-  „   S.  J.  Watson,  Bury, 

borough.  „   A.  E.  White,  Hull. 

„   J.   W.    Towle.    Lots    Eoad,  „   H.  E.  Yerbury,  Sheffield. 

Chelsea.  „  J.  W.  Hendry,  "  Victorian." 

For  permission  to  reproduce  illustrations  which  have  appeared 
in  Proceedings  of  learned  Societies,  we  have  to  express  our  thanks 
to  the  Secretaries  of  the  Institutions  of  Civil  Engineers,  Electrical 
Engineers,  Mechanical  Engineers,  Naval  Architects,  Engineers  and 
Shipbuilders  of  Scotland,  South  Wales  Engineers,  and  Manchester 
Association  of  Engineers.  Also  to  The  Electrical  Review,  Electrical 
World  aTid  E^igineer,  The  Electrician^  The  Engineer,  Engineering, 
Power,  The  Street  Railway  Journal,  Tramway  and  Railway  World, 
Zeitschrift  des  Vereines  deiUscher  Ingenieure,  Zeitechrift  filr  das 
gesamte  Turbinenwesen,  Messrs  Babcock  &  Wilcox,  Machinery, 
Technology  Quarterly,  Electric  Jouimdl,  Die  Turbine. 

Our  work  has  also  been  most  distinctly  promoted  by  the 
co-operation  of  Messrs  Parshall  and  Parry,  Mr  A.  S.  Garfield, 
Mr  C.  W.  G.  Little,  Mr  T.  C.  Elder,  Mr  F.  Punga,  Mr  John  Gray, 
Mr  A.  G.  Ellis,  Mr  0.  M.  Kraus,  Mr  T.  S.  Pipe,  Mr  P.  J.  Mitchell. 

Mr  John  R  Hewett  very  kindly  collected  the  General  Electric 
Co.'s  (of  New  York)  data  for  us,  and  visited  four  Curtis  plants  to 
gather  further  details ;  and  Mr  Eustace  Down  very  kindly  collected 
data  on  the  Neasden  plant,  with  permission  of  the  Consulting 
Engineer. 
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CHAPTER  I 

INTRODUCTORY 


Excellent  steam  economy  is  now  obtainable  by  the  steaui  turbine 
when  operated  condensing,  and  improved  manufacturing  methods, 
stimulated  by  competition,  are  slowly  reducing  the  first  cost. 
Great  initial  savings  in  foundations,  and  in  consequence  of  the 
small  floor  space  required,  are  also  sometimes  efTected  by  employ- 
ing steam  turbines.  The  oil  consumption  is  very  low ;  and  as  no 
oil  is  present  in  the  cylinders,  there  being  no  parts  there  requiring 
lubrication,  not  only  does  the  condensation  become  directly 
available  for  feed  water,  but  there  is  the  further  advantage 
that  high  superheat  introduces  no  difficulties  relating  to 
choice  of  lubricant.  In  sets  of  large  capacity  the  steam 
turbine  offers  advantages  in  all  these  respects.  In  small  sets 
the  steam  economy  is  none  too  good,  but  the  other  advantages 
will,  nevertheless,  often  justify  its  use  in  preference  to  the  piston 
engine. 

Against  these  advantages  must  be  set  the  great  sacrifice  in 
economy  when,  through  any  cause,  a  plant  must  be  temporarily 
operated  non-condensing;  also  the  greater  outlay  entailed  for 
condensing  plant,  owing  to  the  supreme  importance  which  the 
degree  of  vacuum  has  upon  the  turbine's  economy.  It  is 
probable  that,  with  the  better  understanding  of  the  methods  of 
employing  superheated  steam,  a  given  degree  of  superheat  will 
ensure  a  greater  percentage  improvement  in  the  steam  economy  in 
the  piston  engine  than  in   the  steam  turbine.     This,  however. 
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depends  somewhat  upon  the  type  of  steam  turbine  ;  as  does  also 
the  economy  at  light  loads,  with  respect  to  which  it  may  be  safely 
asserted  that  the  piston  engine  is  not  excelled  by  the  steam 
turbine,  as  has  been  so  often  incorrectly  stated.  In  fact,  the 
marvellously  rapid  progress  which  has  recently  taken  place  in  the 
development  of  the  steam  turbine  has  already  reacted  to  stimulate 
the  designers  and  manufacturers  of  piston  engines,  and  marked 
improvements  are  j^ain  becoming  very  evident  in  this  class  of 
steam  engine. 

High  speed — the  very  feature  which  has  led  to  the  small  size, 
weight,  and  (to  a  less  degree)  cost  of  the  steam  turbine — has  also 
brought  with  it  disadvantages,  especially  as  regards  the  design  of 
direct-connected  electric  generators ;  and  the  present  tendency  is 
to  reduce  the  speeds,  as  far  as  considerations  of  steam  economy 
permit  It  would  probably  be  good  practice,  in  spite  of  increased 
size,  to  work  at  speeds  well  below  this  point,  since  a  slight  sacrifice 
in  steam  economy  would  be  more  than  offset  by  the  far  more 
satisfactory  results,  not  only  in  the  design  of  the  electrical  ap- 
paratus, but  also  in  the  mechanical  design  of  the  turbine  itselt 
There  is  thus  a  large  array  of  considerations  requiring  detailed 
discussion. 

I^arsons  and  de  Laval  were  the  pioneers  in  the  development  of 
the  commercial  steam  turbine,  and  it  requires  no  further  justifica- 
tion that  the  description  of  their  designs  is  given  precedence  in 
the  following  chapters. 

In  the  immediately  succeeding  chapters  are  given  descriptions 
of  the  turbines  of  the  remaining  leading  types. 

These  descriptive  chapters  are  followed  by  a  recapitulation  of 
the  properties  of  steam,  with  new  tables  and  curves  to  suit 
present  requirements,  and  data  tabulated  for  convenient  com- 
parison and  reference  on  various  electricity  supply  plants  and 
marine  steam  turbines. 

Cost. — As  yet  the  steam  turbine,  as  regards  first  cost,  is 
somewhat  more  expensive  than  the  piston  engine.  In  a  paper 
entitled  The  Steam  Turbine,^  Chilton  gives  £3250  as  the  **  cost  of 
prime  mover  and  generator  "  for  a  600  kilowatt  set,  whether  of 
the  piston-engine  or  turbine-driven  type.  This  works  out  at 
£6,  5s.  per  rat«d  kilowatt.  Including  condensing  plant,  the  piston- 
engine  plant  is  increased  to  £7,  6s.  per  kilowatt,  as  against  £7,  8s. 
per  kilowatt  for  the  turbine  plant. 

»  Proc.  Inst.  EUc.  Engrs^  vol.  33,  pp.  587-601,  Feb.  2,  1904. 


INTRODUCTORY 
Other  accessible  cost  data  is  as  follows  :- 

Table  Ia. 


Pimthmor. 


1  WUtlqr  U.D.C.     . 

2  Kelghley  Corporap 

tlon 


SontiMaiptoii 

sWatfoidU.B.C. 
«Derli7    .       . 
Batienea 


s 

I 


Ordered  1906  *  Panoni 
Tender  1906  ■       „ 


Tender  1901 


Ordered  1906 1 

»       M04 


^  1 


1906 


7-76 
71 

6*66 
1-87 

7-9 

7*8    I 
6-6 

I 
6-26  I 


d 


Turbo-generator  only 

Wheeler  lurfaoe  con. 
denaer,  two  motor- 
driven  pumpe 

Indudee  exciter,  oon- 
denier,  air  pump, 
drcnlattng  pump 


Turbo-generator  and  I    1 
oondenier     plant  { 
and  spare  armature 

i  1 


\ 

a)OK.w. 

wo  ., 

800    „ 

• 

600    „ 

600    „ 

760    „ 

760    „ 

1  BledHeal  Times,  71, 12/1/U6.  2  EUetrieian,  106,  6/6/05 ;  BUetrieian,  6/B/04. 

s  EUarteal  Bnginmr,  888,  27/5/04. 

4  EUdrieal  lUvieu,  785,  5/5/05;  BUetrical  Engineer,  849,  26/2/04  ;  EUetrUal  Timet,  212,  9/2/05. 


Table  Ib.— 1900.    Caxbridob  Electbioiit  Supply  Co.    Two  500  K.W.  Sets. 


Redproeoling  EngUue  and  Generators, 

Tmbo-aeaevater; 

deuenTand 
tanpe. 

Tenderer 

CondeoMr  ) 

Pompe        >  about  .... 

Engine       ) 

£  per  Bated  K.W 

25  per  c«nt.  orerload 
IJbe.p0tK,W.B.  .        . 

IJb».perK.WM,    .... 

Kga.perlLW.H 

Half  load:— 
IM.perK.W.H.    .... 
Kga.perK.W.H 

A 

8-4 

21 
10-5 

28 
18^ 

84 
16-6 

B 
11-2 

21 
18*8 

28 
18-7 

84 
16-5 

C 
10- 

21 
12*1 

25-5 
18 

27 
18*8 

82 
14-6 

D 
10- 

21 
121 

26*6 
181 

81-2 
14*8 

Panena 

9  9 

27 
18-8 

80 
18-7 

&eetrie  World  and  Engineer,  March  81,  1900,  p.  818. 
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OoBts  of  some  Turbo-Gtonerators  and  Oondenser 
Plants. — The  prices  that  have  appeared  in  the  electrical  press  in 
the  last  eighteen  months  are  included  helow  with  as  much  detail  as 
practicable.  Unfortunately,  such  information  is  generally  pub- 
lished without  specifically  stating  what  is  included. 

Tenders  for  four  sets,  each  65  kilowatt,  110  volts,  were  discussed 
in  Marif%e  Rundschau  for  January  1904  in  dealing  with  Professor 
Riedler's  paper  "Ueber  Dampfturbinen."  Reciprocating  engines 
were  ordered. 

Table  II.—Pbices  of  66  K.W.  Turbo-Dynamos  and 
Rboipbocatino  Sets. 


Tenders. 


Piston  enfliiie  and  dynamo 
Riedler    Stumpf.    Turbo- 
dynamo  .... 
Parsons  Turbo-dynamo 
Parsons  '*  as  it  miffht  have 
been  if  the  turoine  had 
been  designed  0*5  metre 
longer  (about  20  ins.)  " 


4» 

Prieeper 
Rated  K.W. 

1 

•0M 

I 

Marks. 
231 

£. 

1 

65 

11-6 

... 

), 

308 

KV4 

1340 

n 

331 

16-55 

1440 

Steam  Con- 
sumption  per 
K.W.  Hour. 


Kg.    ,  Lbi. 


171 

18-8 
171 


37-6 
41-4 
37-6 


Weight  of  Set 

per  Rated 

K.W. 


Kgs.  I    Lbs. 


11-6 


25-4 


11-6     26-4 


Table  IIIa. 


Purchaser. 

Date. 
Tender  1904 

Tenderer. 

Price. 
£3,060 

1  Qreenock . 

Brush- 

Rating  not  stated  ;  pos- 

Parsons 

sibly  400  K.W. 

. 

Parsons 

3,000 

Rating  not  stated. 

' 

Richard- 

3,650 ^ 

son 

«Hanley  (Staff.). 

Tend'rl904- 

Parsons 
Bruce 
Peebles 

3,324 
3,234    ' 

Rating  not  stated. 

Brush 

2,840  J 

sStMarylebone  . 

Tender  1904 

Parsons 

79,598 

Rating      not      stated. 
Apparently       three 
2000      K.W.     with 

condensers  and  four 

500    K.W.    with    2 

condensers.      If    as- 

sumption is  correct, 

£9-95  per  rated  K.W. 

including  condensers. 

*  Stepney    . 

Ordered  1905 

Parsons 

5,900 

Rating  not  stated. 

1  Blee.  Bngr.,  p.  646, 1/4/04 
>  Blee.  Bngr.,  p.  724.  6/5/04. 


a  Eleet.  Rev.,  p.  144,  22/7/04. 
4  Bleetn.,  p.  647,  8/2/06. 
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Table  IIIb. 


Purchaser. 

Date. 

1 

\i 

Bated 
Output. 

1  Bristol  Corporation.       . 

J  North  Hetr.  RP.8.  Co.» 
WUlewIen 

Ordered  1904 
„       1904 
„        1906 

Wlllans-  i 

Parsons 

Curtis 

B.T.H. 
Brush- 
Parsons 

.. 

2 
2 
S 

1000  K.W. 
1000    ,. 
1000    „ 

1  KUe.  Timu,  248, 18/8/04. 


3  BUctrieian,  446,  80At/04. 


s  ifJM.  TsmM,  774,  26/5/06. 


Table  IV. 

£  per  Bated  K.W. 

i 

1 
& 

i 
1 

1 

Hlj^ 

1 

BlMnaolan  •  Weatphalian 
by   Brown-BoTeri  A   Co., 

Kimiia  iSktter  Type,  4  oyl. 
CoitiaSeteraeted  .       .       . 

41 

6 

1*86 
6 

102 
2-24 

6 

0*6  to 
0-8 

41 
186 

2 

6600 

6600 

2000 
9000 

PoiMr,p.407,July 

1906. 
Ibid. 

Lt.  T.  A  Ry,  J., 

MrO.  0.kaUlonz. 
Am.    8.  B.  A., 
1904. 

Tenders  on  1000  Kilowatt  and  1600  Kilowatt  Sets.— 
The  various  tender  prices  (in  £  and  decimals)  for  the  following 
places  are  tabulated.  The  accepted  price  is  in  bold  type  in  each 
case. 

Table  V. — Tubbo-Gbnbbatobs. 


Corporation. 

Number. 

Bated 
K.W. 
eaeh. 

PbaMa. 

Cyclea.  !  Volta. 

K.P.M. 

Foplar     .       . 
Stepney  .       . 
8t  Paneras 

Norwich  . 
Wimbledon     . 

Hamniemmith 

laUnstom 

1 

1000 
•1 
If 

1500 
I* 

8 

Dbl.  current 

c.c 

1 
2 

60           6000 

1 
,480c.c 

1 

..       1       .. 

50      '     2000 
2200 

1600 

•• 
•• 

•team  exciter. 
Condenser  plant  and 
■pare  armatore. 

plant  and  awitoh- 

Coudenser  plant  and 
exciter  and  i  witch- 
gear. 

Condeiiaer  plant  and 
exciter  and  awitch- 
gear. 

exciter  and  switch' 
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Table  VII.— Completk  Power-House  Costs  per  Rated  K.W.  installed,  in 
Decimals  of  a  Pound. 


87 


I    MrW.C.GotafuaVt 
A  weriean  Reeivro. 
eating  Engine  Plantg. 


Land 

Foundations    .... 

Sidings 

Roadways        .... 
Landing  Stage 

Circulating  Water  Intake  and 
Discharge 

Buildings 

Chimneys 

Flues I 


Mcudmum.  Minitaum. 


S'SO  , 


•71    I'&O     0-8 


Yorkshire 
Power  Co.'s 
Steam  Tur- 
bine Plant, 
Thomhill, 
eoooK.w. 


£ 
0-00 


TotdlqfiUm§^to9 


MAOHiNiar— 
Boilers  . 

„       SetUngs 
Superheaters 
Stokers . 

„       Drivers 
Soonomisers 
Coal  Conveyor 
„     Bunkers 
Ash  Conveyor 
Piping 


15'W)      81  '    8 


fOO 


1-6 


•4      J'OO     0-2 


48 


17-00     8-6 


SOO     0-6 


Covering  . 
eater 


:} 


Feedwater  Heal 
Feed  Pumps 
Engines  or  TorUnea 
Generators   . 
Szciters 
Condensers  . 

Air  Pumps 

Circulating  Pumps  . 

Lift  Pumps 
Switchboard 
Power-house  Cables    . 
Conduits 
Travelling  Crane 
Incidentals    (as     concrete 

floor) 

Total  qf  Machinery  itemt    . 
Sngtneering  superrislon  and 
contingencies  10  per  cent 
ToUl  of  Items  2  to  86  . 

Power-house  per  Horse-power 

A  fair  average  cost  per  K.W. 
Transmission  System 
Substations     .... 
Probable  cost  complete  under- 
taking 


Source  of  Data 


A-60 

6-00 

I'M 

■00 

SOO 

I    I'OO 

SS'OO 

tl'OO 


81 


9'Oo\    1-8 


rso    o-« 


»'60  0-6 

12  1    g-ooi  0-4 

0-8 1    1'00\  0-8 

8-6 '    U'00\  0*8 

0-4'    1-00  0-8 

0-8.    I'OO  0-8 

8-8  !  tO-OO  4-1 

4-8  !  18  00  8-7 


I 


U'OO 
6-00 


0-8  i 
1-2 


1-60 
S'OO 


S'OO      0-4      S'OO 


88-91 


m  50  87- 1 


78-00 


I 


105    21-0 

..   I     .. 
45-00      0-2  j  88-00 


2-76 


8-0 
0-88 


18-7 


16-8 


7-8 


EUetrie  RaUioay  Eco- 
ttomiet,    by    W.    C. 
GoUhall,  1903,-' 
M'Graw    Pub.    Co., 
New  York. 


16 


1875 


)  10,000 
{"K.W.  12-7 
£46perK.W. 


85 

8-8 

6-'6 

0-8 
9-4 

1-8 


9 

8 

0-8 

0-8 

0-6 

0-8 

01 

0-6 


0*86 


8-66 


•     2-17 


0*65 


19-8 


0-72 
7-96 


1  EUet.  Power.  June  1004.   Land  for  ten  times  this  plant,  £5500.    See  Ch.  XXII.  for  details  of  this  plant 
3  Mr  Gotshall  said  In  1903,  "  Steam  turbine  plants  cost  70  per  cent,  of  above  maximum,  and  will 
probably  be  much  less  within  a  few  years." 
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Costs  of  Complete  Power-house. — It  will  be  of  interest 
to  put  alongside  the  figures  published  in  America  by  Mr  W.  C. 
Grotshall,  the  costs  of  the  Yorkshire  power  plant  as  published  by 
Mr  H.  F.  Parshall,  together  with  the  estimates  for  the  proposed 
plant  of  the  Administrative  County  of  London  and  District 
Electric  Power  Company,  and  prices  for  a  10,000  horse-power 
reciprocating  plant  designed  by  the  authors,  which  gives 
details  of  condenser  and  pump  costs,  not  separately  stated 
in  Mr  Parshall's  figures,  and  not  itemised  in  Mr  Gotshall's 
costs,  but  mentioned  in  his  text  as  an  essential  part  of  such 
a  plant. 

The  following  table  is  an  extract  inserted  here  for  com- 
parisons : — 

Table  VIII.— Comparison  of  Cost  of  Diffsremt  Types  of 
EnaiNiBS.^ 


Steam  Consumption.  |        Cost  per  H.P. 

!r 

""iS 

1 
•  I.H.P. 

CyUnden. 

Speed. 

Exhaust. 

ur. 

Engine 
erected. 

sBoUers, 
Buildings, 
Chimney. 

S& 

NonCon. 

Condens- 

•S-s 

deuslng. 

ing. 

r 

•  " 

£ 

$ 

He 

Stmpte 

Highspeed 

Non-condensing 

88 

17-60 

S-6 

16-20 

8-1 

6-7 

fi 

Condensing 

22         21-00 

4-8 

12-00 

2-6 

6-8 

Iowq)eed 

26-00 

61 

14-20 

2-9 

80 

If 

Condensing 

,, 

211          27-00 

6-6 

11-80 

2-4 

7-9 

Compound 

Hlgfaepeed 

21-00 

4-8 

18-10 

2-7 

7-0 

n 

Condensing 

20 

24-60 

60 

11-40 

2-8 

7-8 

Lowq)eed 

n 

18 

30-00 

6-1 

1100    2-8 

84 

Triple       ex. 

compound 
Triple       ex. 

Non-condensing 

.. 

26-00 

6-8 

12-60   2-6 

7-9 

,, 

Condensing. 

17 

29-00 

6-0 

10-60   2-2 

8-2 

compound 

!        1 

Triple        ex. 

Low  speed 

!• 

10 

87-60 

7-7    10-80    2-1 

9-8 

compound 
ntlofor 

probable  max 

imum  results 

14 

46-00 

9-2     816    1-7 

10-9 

1  Dr  Chas.  E.  Emery,  as  quoted  by  W.  C.  Gotsball,  p.  181,  StreH  Ry.  Beonomies, 
9  This  column  Is  headed  by  GotshaU,  '*  Engine,  Boiler,  Building,  and  Stack  "  (chimney),  but 
prices  evidently  exclude  engine. 


Cost  of  Condensing  Plant.— Fig.  2  shows  the  relative  cost 
of  condensing  equipments,  including  surface  condenser,  dry  air 
pump,  circulating  pump,  lift  pump  from  hot  well,  pipes,  and 
valves,  as  stated  by  Mr  J.  E.  Bibbins,  p.  186,  Report,  American 
Street  Railway  Association,  1904.  He  took  26  inches  as  his 
basis. 

Costs  of  different  types  of  condenser  are  reproduced  in  Table 
IX. 
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Table  IX 


Cost  of  CoDdeDBing  Plant. 


I  1  Per  Rated  K.W. 
of  Plant. 


30b.  to  406. 


Barometric 258.  to  30b. 

Surface  Condenser,  including —  ^ 

Centrifugal  lift  pump  j 

An  air-cooler 

Single-cylinder  dry  vacuum  pump 

Centrifugal  circulating  pump 
Surface  Condenser,  including—      \ 

Wet  vacuum  pump  >  308.  to  408. 

Centrifugal  circulating  pump  j 
Ejector  Condenser Ss.  to  lOs. 


>l 


1  From  Mr  G.  B.  Bockwood,  before  American  Soc.  Mech.  Bngn.,  1904. 


It  is  also  of  interest  to  reproduce,  by  permission,  Mr  W.  H. 
Allen's  costs  of   1000  kilowatt  condensing  and  non-condensing 


/ooX  ^so%  20p% 

Fio.  1. — Relative  Cost  of  Condensing  Equipments. 


plants,  together  with  his  curves  of  saving  in  running  costs  due 
to  use  of  condensers.  These  fix  a  definite  value  on  the  advantages 
of  using  condensers. 

It  is  of  interest  to  follow  Mr  W.  H.  Allen  further,  as  he  gave 
definite  "  fair  commercial "  values  to  the  saving  (as  a  percentage  of 
working  expenses)  due  to  condensing  in  different  sizes  of  plants 
up  to  the  above  1000  KW.  His  curve  is  reproduced  in  Fig.  2,  by 
permission,  from  the  Proceedings  of  tlie  Institution  of  Civil  Engineers 
Feb.  28,  1905,  p.  222,— Discussion  on  Mr  E.  W.  Allen's  paper  on 
"  Surface  Condensing  Plants." 
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Tablb  X.— MbW.  H.  Allbn's  Gompabatiyb  Capital  Costs  and  Working 
Costs  of  1000  E.W.  Condensing  and  Non-condbnsino  Plants. 

Proceedings,  InriUution  of  Civil  Engineers,  Feb.  28,  1906,  p.  221. 


Capital  Ck>st 


Cost  in  £  per  Rated  K.  W. 


Non-condensing. 


Condensing. 


Sngine  and  dynamo 

Boilers    .... 

Feed  heater  . 

Feedpumps  . 

PlpewOTk 

Fdimdations  . 

Chlnuiey 

Snrfooe  condensing  plant 


Cooling  tower  and  founda- 

ttoos 

Ofl  aeparator .... 


SUam  t!'B  Vbe.  per  K.  W.  H 
Four  97fi00  Ibt.  per  hour 
97,600 


6-476 

2199 

0-260 

0-090 
0-160 
0-260 

o-eoo 


tl  U^9. per K.W.H. 
Three  njOOO  lbs.  per  hour 
Maie-upfeed»^    „ 
92,000    „ 


6-276 
1*660 
0-060 


9-014 


0-076 
0-260 
0-800 
0-600 

99,01)0  Ibt.  per  hour, 

96  inches  vaeuum, 

80'  F.  eireuioHng  suppiy, 

98%  dynamo  ejieieney       0-966 

0-700 
0-180 

9-886 


Working  Cost 


Working  Cost  £  per  annom.    280  days  of  10  hours. 


Non-condensing. 


Condensing. 


Water  at  9d.  per  1000  gal- 
lons 


Coal  at  20b.  per  ton 

Labour .... 
per  cent,  interest  i 


2800  +  10  per  cent,  loss  gal- 
lons per  noor 


1-62  tons  per  hoar 
2-46  lbs.  per  K.W.H. 
1-7        „      B.H.P.H. 


on  £9014 


£S22 

4260 
200 

1128 


.1600  gallons  per  hoar  oiake  ap 
for  cooling  tower  £168 

220    gallons   per   hour 
make-up  feed  28 

1*09  tons  per  hour 
8-4  lbs.  per  K.W.H. 
2-86  lbs.  per  B.H.P.H. 


8  men 


on  £9686 


8060 
160 


1280 


Balance  in  faTour  of  Con- 
densing, 21-6  per  cent. 
oii£6000    .       .       .       . 


£6900 


£4621 


1279 


£6900 


Buildings  and  superheat  are  the  same  in  each  case. 


Weight. — In  the  paper  which  has  been  already  referred 
to  in  this  chapter,  Chilton  has  given  the  interesting  data  set 
forth  in  Table  XI. 

Oost  per  ton. — The  cost  per  ton,  as  derived  from  the  data 
in  the  preceding  paragraphs,  is  stated  when  weight  is  known. 

Speed. — ^For  land  plants  it  has  come  to  be  assumed  that 
there  is  no  alternative  but  to  run  steam  turbines  at  speeds  several 
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times  greater  than  those  of  the  highest-speed  reciprocating 
engines.  One  need  not  investigate  deeply  to  discover  that  this  is 
a  hasty  conclusion.  Thus  marine  steam  turbines  are  being  built 
for  speeds  and  weights  differing  far  less  than  those  from  the 
speeds  and  weights  of  piston  engines.  The  tests  of  vessels 
equipped  with  both  types  of  engine  have  demonstrated  that  while 
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SIZE    OF    UNITS  >  KILOWATTS. 

Fio.  2. — Saving  due  to  Condensing  as  a  percentage  of  Working  Expenses. 

at  high  speeds  the  turbine  vessels  excel  in  economy,  the  steam 
consumption  down  to  fairly  low  speeds  is  but  little  in  excess  of 
that  of  the  piston  engine.  For  the  Cunard  liners  now  approaching 
completion  the  four  turbines  constituting  the  equipment  of  one 
vessel  are  of  75,000  horse-power,  and  run  at  a  normal  speed  of  160 
revolutions  per  minute. 
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Table  XI.—Comparativb  Wbtqhtb  op  Piston  Engines  and  Turbines 
(exolusive  of  Dynamos),  in  Mbtrio  Tons,  i.e,  in  Tons  of  1000  Kas. 
(2204  Lbs.) 


Kilowatt* 
Ootput. 

Weight  of  Slow, 
speed  Engine. 

Ditto  Weight  of 
Flywheel. 

Weight  of  High, 
speed  Engine. 

Weight  of 
Tu^ine. 

500 

140 
190 

27 

30 

9 

750 

43 

45 

12 

1000 

250 

59 

60 

14 

1500 

380 

88 

90 

21 

1800 

450 

100 

no 

23 

2000 

530 

120 

120 

25 

2500 

700 

145 

155 

27 

3000 

... 

... 

... 

32 

3500 

... 

... 

... 

35 

5000 

... 

... 

42 

The  fact  that  turbine  vessels  generally  weigh  practically  as 
much  as  vessels  equipped  with  piston  engines  indicates  that,  when 
run  at  speeds  comparable  to  the  speeds  of  piston  engines,  the 
turbine  loses  its  advantage  of  less  weighty  Nevertheless,  it  is 
fairly  apparent  that  the  turbine  can  be  designed  for  good  economy 
at  far  lower  speeds  than  are  commonly  associated  with  it.  This 
is  most  important,  since  the  dynamo  would  not  only  be  better, 
but  actually  cheaper,  at  lower  speeds  than  those  now  customary 
for  land  turbines.  For  continuous  current  sets,  a  radical  re- 
duction of  speed  is  essential  before  satisfactory  sets  of  large 
capacity  will  become  practicable.  For  alternating  current  sets 
much  more  moderate  reductions  in  speed  will  lead  to  satisfactory 
designs  at  minimum  cost,  and  one  should  differentiate  between 
high  periodicity  and  low  periodicity  sets,  the  preferable  speed  for 
the  former  being  higher  than  for  the  latter. 

Some  data  has  been  published  by  Grauert,  showing  the  effect 
of  the  speed  on  the  economy. 

Emmett  has  also  published  tests  showing  the  effect  of  speed 
on  economy. 

The  Humboldt  Co.  have  built  100  horse-power  and  150  horse- 
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power  turbines  with  two  difiFerent  wheel  diameters,  and  the 
economy  results  for  the  100  horse-power  machine,  at  an  absolute 
admission  pressure  of  13  kilograms  per  square  centimetre  satu- 
rated steam  and  a  92  per  cent,  vacuum,  are  given  in  Table  XII. 


Tablb  XII. 


Rated  output  in  horse-power 

100                   j 

Diameter  of  rotor  in  mm.    . 

500 

400 

Speed  of    wheel   in    revolutions  per 
minute 

12,600 

12,600 

Peripheral  speed  in  metres  per  second . 

330 

264 

Full  load  steam  consumption  in  Kgs. 
per  kilowatt-hour    .... 

12 

13-6 

From  these  results  it  appears  that  in  this  particular  case  an 
increase  of  100  x  — ^^- —  =  25    per  cent,  in    the   peripheral 

1  ^'fi       1  o 

speed  effects  a  decrease  of  100  x  —  =12  per  cent,  in  the 

lo'o 

steam  consumption. 

Also,  for  this  100  horse-power  machine,  from  an  inspection  of 
Table  (p.  40),  the  percentage  gain  in  steam  consumption  due  to 
an  increase  in  peripheral  speed  appears  to  be  approximately  the 
same  for  all  values  of  admission  pressure  of  the  steam. 

Peripheral  Speeds  of  Wheels.— Practice  varies  greatly  as 
to  the  peripheral  speeds  of  the  rotors  of  steam  turbines.  A  number 
of  instances  have  been  brought  together  in  Table  XIII.,  where  are 
also  set  forth,  in  some  cases,  the  wheel  diameters,  the  speeds  in 
revolutions  per  minute,  and  the  centrifugal  force  at  the  periphery, 
in  kilograms  per  kilogram. 

Peripheral  Speeds  x  Pressure  at  Bearings.— For  Parsons' 
turbines  the  product  of  feet  per  second  and  lbs.  per  square  inch  at 
bearings  has  been  stated  to  be  2500  to  3000.  In  the  Brush 
Parsons  1000  K.W.  unit  this  product  is  1500. 

The  peripheral  speeds  at  bearings  are  stated  for  a  few  units  in 
Table  XIII. 
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Table  XIII.  brings  together  the  peripheral  speeds,  centrifugal 
force  at  periphery  of  largest  circumference,  and  the  rated  output 
per  moving  vane  for  some  sizes  of  each  type  of  turbo-generator. 


Table  XIII. 


Type. 

1 

a 

I 

1 
1 

a 

• 

ll 

De  Laval   .... 

1 

40,000 

0-075 

158 

64,000 

1-6 

80,000 

0-10 

»t 

28,000 

,, 

.. 

.. 

3 
6 

24;b00 

O.i'2 

183 

8o;6oo 

44 

0-07 

10 

2o|6oo 

0-15 

167 

48,000 

19 

110 

0-09 

19-6 

0-2 

210 

45,000 

,, 

88 
60 
74-6 

16,400 

OS 

256 

44,000 

22 

•• 

.. 

islooo 

0-6 

iio 

47;&0O 

'202 

0-87 

112 

14,000 

It 

II 

If 

.. 

200 

10,600 

0-76 

420 

i> 

28 

196 

1^)6 

Panons     .... 

500 

8,000 

0-6 

90 

2,700 

760 

1.600 

0-9 

70 

1,100 

15,000 

0^ 

1,000 

1.800 

0-8 

75 

1,400 

20,000 

0-10 

2,600 

1,800 

1-8 

92 

1.800 

•• 

•• 

.. 

Parmmt  Marine 

•• 

•• 

•• 

SOtoTO 

B.B.  Vi 

ctorxan 
nuania 

750,000 
1,600,000 

:: 

Weittnghoiue-FanonB    . 

600 

760 

•• 

•• 

" 

•• 

•• 

16,000 
15,000 

O-QS 
0-05 

1,600 

1,200 

1-9 

120 

1,"600 

2o;6oo 

0-10 

2,000 

.. 

, 

8,600 

1,000 

1*72 

oi 

'960 

20 

5,600 

n 

2 

108 

1,100 

•• 

.. 

Cnrtb(T«rtioal)       .       . 

100  to 
125 

600 

840 

0-6 

5,000 

514 

4*1 

lio 

*eoo 

Bateau      .... 

100 

8,000 

0-9 

140 

4,500 

226 

1,600 

U-88 

76 

1,700 

.. 

450 

1,600 

102 

80 

1,800 

ZoeUy        .... 

870 

8,000 

1-15 

180 

5,800 

1,280 

0-8 

Sledler-Atnmpf       .       . 

15 

8,500 

0-8 

148 

5,500 

600 

750 

8 

118 

940 

,, 

2,000 
1,475 

8,000 

2 

8i4 

io,66o 

150 
pain 

4-9pr. 
J  vane 

A.E.O 

10 

4,000 

0-5 

105 

4,600 

20 

3,600 

0-64 

120 

4,600 

. , 

470 

8,000 

1-7 

267 

8,500 

Hamflton-Holiwarth 

1,000 

1,500 

81 

240 

8,900 

4,800 

0-21 

Elekira     .... 

7 

4,000 

0-88 

80 

8,400 

•• 
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Revolutions  per  Minute.  —  In  Table  XIV.  are  brought 
together,  for  turbo-generators  of  various  types,  the  speeds  and  the 
rated  output  in  kilowatts  for  all  sizes. 


Table  XIV. 


Fftnoni. 

Cortli. 

Sateav. 

A.B.O. 

. 

& 

. 

ii. 

11 

1 

• 

K.W. 

i 

k 

1 

ac. 

A.C. 

C.C.  !  A.C. 

1 

C.C. 

A.C. 

P 

^^ 

*     ! 

1 

1 
40,000 

5,01)0 

1 

80,000 

•• 

•  • 

.. 

.. 

5fi00 

'.'.          '.'. 

U,600 

24,000 

,. 

., 

•• 

•• 

..     1     ,. 

..     ,     .. 

•• 

4.000 

10 

»» 

..  1  ..  1  .. 

..     1 4,000 

.. 

16 

4,000 

.. 

8,600 

20 

20,000 

.. 

•  ■ 

26 

8,600 

3,'6bo 

88 

16,400 

.. 

87 

•• 

8.500 

60 

1) 

1 

.. 

. .    1  S,000 

.. 

.. 

76 

18,000 

1  ..  1 

g,uoo 

.. 

1 

100 

8,600 

8,000 

..    1    .. 

3,'obo 

8.000 

112  to  120 

12,600 

..     1     .. 

2,000 

,. 

, . 

160  „  leo 

t,000 

., 

8,200 

, . 

., 

209 

7,600 
10,600 

.. 

•• 

•• 

•• 

226 

.. 

,1,600 

... 

280 

.. 

,. 

..     |2,fi00 

280 

..     ,     .. 

..       8,000 

1 

800 

8,600 1     .. 

1,800       ..     1     .. 

. .     1  S,000 

.. 

826  to  860 

.. 

t,ooo      .    .  i,eoo  1 8,000 

. . 

870 

1 

..     1     ..       2.400 

8,000 

1             1 

420 

,2,600 

460 

1,600 

..    1   .. 

470 

••     1     •• 

..     |3,00U 

600 

8,000 

1,800 

760  1  2,000 

600  to  660 

1,800       ..       1,S00    2,000 

.. 

760  „  %'iO 

1.600 

..     11,500       ..       1,600 

. .     '  1,500 

1,000 

1.800 

1,200 

s,bbo 

1,600 

1,260 

1,600 

.. 

1,200,     .. 

..     '     .. 

1,600 

1,000 

..    1     .. 

..     1     80o'     .. 

1,600 

l,8(!o 

1,200 

..     1     '.'. 

..     >  1,000 

.. 

2.000  to  2,600 

1,260 

7-50 

760 

1 

i/sbo 

760,     .. 

8,000  „  8,600 

1.860 

1,000  1     .. 

600 

1,000 

1,600 

4,000 

..  1  » 

1,000 

6,000 

760  1     .. 

614  1     . . 

..   ;   .. 

6,600 

1,000 

1 

.. 

6,000 

1 

i.bbo 

7,600 

760 

8,000              , 

•• 

760 1     .. 

1 

CHAPTER  II 

NOMKNCLATURB 

The  diversity  in  units  employed  in  steam  engineering  has,  to  a 
greater  degree  even  than  in  other  departments  of  engineering, 
constituted  a  grave  liindrance  to  progress. 

Eaipressions  for  Energy. — The  British  Thermal  Unit  is 
generally  employed  in  English-speaking  countries  in  expressing 
the  calorific  power  of  fuels  and  in  steam  tables.  This  is  generally 
denoted  by  B.Th.U.i  One  B.Th.U.  is  the  amount  of  energy 
which  must  be  added  to  one  pound  of  water  at  a  temperature  of 
32*'  Fahr.,  to  raise  its  temperature  by  l*"  Fahr. 

A  far  more  satisfactory  unit,  the  kilogram-calorie  (or  "large 
calorie"  in  contradistinction  to  the  "gram-calorie"  or  "small 
calorie  "),  is  employed  for  these  purposes  in  most  other  countries. 
This  quantity  is  denoted  by  the  letters  W.E.  ("  Warme  Einheit "  or 
"heat  unit")  in  German  technical  literature.  We  shall  employ 
the  letters  Kg.C.  for  this  quantity.  The  kilogram-calorie  is  the 
amount  of  energy  which  must  be  added  to  one  kilogram  (one  litre) 
of  water  at  4**  Cent,  to  raise  its  temperature  by  1°  Cent. 

The  Eg.C.  is  a  far  more  scientific  unit  than  B.Th.U.,  and  it  is  to 
be  hoped  that  it  will  ultimately  find  its  way  into  English  technical 
literature,  and,  endowed  with  some  satisfactory  name,  become  the 
universal  practical  unit  of  energy. 

With  a  view  to  the  ultimate  attainment  of  this  end,  and  also 
in  recognition  of  the  fact  that  there  is  no  reason  for  employing 
different  units  for  heat  energy  and  mechanical  energy,  the  authors 
propose  in  this  treatise  to  frequently  employ  the  alternative  unit, 
the  kilowatt-hour,  denoted  by  the  letters  K.W.H.  This  is  some- 
times des^ated  in  England  as  the  Board  of  Trade  Unit.    The  use 

>  Commonly  known  as  B.T.U.  in  the  United  States ;  but  B.T.U.  is 
commonly  used  in  Great  Britain  to  mean  K.W.H.  or  "  Board  of  Trade  Unit." 

17  2 


18 


STEAM  TURBINE  ENGINEERING 


of  the  expression  K.W.H.  has  the  advantage  of  having  been 
universally  adopted  throughout  the  technical  world  as  an 
expression  for  electrical  energy,  and  it  is  equally  suitable  as  an 
expression  for  mechanical  energy  and  for  heat  energy. 

We  believe  that  the  advantages  of  expressing  these  three  forms 
of  energy  in  the  same  terms  will  appeal  to  engineers ;  and  while  we 
should  have  preferred  the  kilogram-calorie  (Kg.C.)  for  this 
universal  unit  of  energy,  we  are  convinced  that  but  little  headway 
could  be  made  in  a  lifetime  in  replacing  the  British  Thermal 
Unit  (B.Th.U.)  and  the  horse-power  hour  by  the  kilogram- 
calorie  (Kg.C).  On  the  other  hand,  the  engineering  profession 
throughout  the  world  has  shown  considerable  and  often  spon- 
taneous readiness  to  employ  the  kilowatt-hour  (K.W.H),  not  only 
as  an  expression  for  electrical  energy,  but,  to  a  large  extent,  also 
for  mechanical  energy,  and  we  do  not  anticipate  insuperable 
difficulty  in  promptly  obtaining  for  the  kilowatt-hour  (K.W.H.)  a 
fairly  extended  use  as  an  expression  for  heat  energy.  It  will 
become  the  task  of  a  later  generation  to  substitute  the  kilogram- 
calorie  (Kg.C),  as  general  unit  of  energy,  for  the  then  universally 
adopted  kilowatt-hour  (K.W.H.). 

The  horse-power  hour  need  rarely  be  mentioned.  So  far  as 
reference  need  be  made  to  it  in  this  treatise,  we  shall  denote  it 
by  the  letters  H.P.H. 

The  same  remarks  apply  to  the  foot-pound  and  the  metre- 
kilogram,  which  are  expressed  by  the  letters  ft.-lb.  and  m.-kg. 
respectively. 


Tablb  XV. — Energy,  Work  and  Heat  Units,  with  Abbreviations 
AND  Corresponding  Values  Expressed  in  Joules.' 


Unit, 

Value  in  Joules. 

1  kilowatt-hour    .... 

1  K.W.H. 

3,600,000 

1  kilogram-calorie 

1  Kg.C. 

4,190 

1  kilogram-metre 

1  Kg.m. 

9-81 

1  horse-power  hour 

I  H.P.H.                    2,680,000 

1  British  thermal  unit . 

1  B.Th.U.                       1,066 

1  foot  pound        .        .                 .  [             1  ft.  lb.           1             1-366 

*  The  Joule  may  be  defined  as  10^  ergs,  or  as  one  watt  second. 
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Practical  Units  for  Power. — ^For  unit  of  power  we  shall 
employ  the  kilowatt  (K.W.)  to  as  great  an  extent  as  practicable, 
and  often  also  the  horse-power  (H.P.),  owing  to  the  wide  use 
which  it  still  unfortunately  enjoys.  The  Kg.C.S.,  by  which  we 
denote  one  kilogram-calorie  (one  Kg.C.)  per  second,  will,  we  hope, 
ultimately  come  to  be  adopted  as  the  commercial  unit  for  power. 
It  should,  however,  be  given  some  appropriate  name. 

So  far  as  is  reasonable,  we  shall  endeavour  to  often  employ 
more  than  one  alternative  unit  in  the  text,  tables,  and  curves,  and 
we  trust  that  this  will  render  our  work  more  useful  to  those 
accustomed  to  particular  units.  We  hope  it  will  not  encourage 
procrastination  on  the  part  of  any  engineers  in  familiarising  them- 
selves with  the  metric  system. 

The  following  tables  will  be  useful  in  transforming  values  from 
one  set  of  units  to  another. 


Tabub  XVI. — PowBR  Unfts,  with  Abbreviations  and  thbir 
Corresponding  Values  Expressed  in  Watts. 


Unit. 

Value  in  Watts. 
1000 

1  kilowatt    . 

1K.W. 

1  kilogram-calorie  per  second 

1  Kg.C.S. 

4190 

1  kilogram-metre  per  aecond 

1  Kg.M.S. 

9-81 

1  horse  power      .... 

1H.P. 

746 

1  Britiflh  thermal  unit  per  second 

1  B.Th.U.S. 

1055 

1  foot-poimd  per  second 

1  ft.  lb.  s. 

1-356 

Table  XVII.— Equivalent  Values  for  Work,  Energy  and  ] 

EXPRESSED  IN   DIFFERENT   UnITS  (ENGLISH  AND   MeTRIC). 

Beat, 

1 

1 
j 

K.W.H. 

Kg.C. 

Eg.M.    1     H.P.H. 

B.Th.U. 

Ft.  lb. 

i  lK.W.H.lseqaaIto     . 

1 

8801 

367000 

1-84 

8411 
8-97 

2664000 
8061 
7-23 

1960000 

1  Kg.C.  Is  equal  to 

0*00116 

1 

«« 

0-001650 

lKg.H.iseqiialto 

0-00000272 

0-00234 

1 

274000 

0-00000365       0-00980 

lH.P.H.iie(iiialto 

0-746 

641 

1           1      2645 

1  B.Th.U.  Is  equal  to     . 

0-000298 

0-252 

107-6 

0-000898 

1 

1ft.  lb.  Is  equal  to 

0-000000877 

0000824 

0-1882 

0-000000606  1  0-001286  |         1 
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It  may  be  of  interest  to  stadents  to  follow  the  deduction  of  the  value  of 
1  K.W.H.  in  Kg.C.  by  converting  through  the  British  units,  as  this  will 
set  forth  the  interconnection  of  the  various  units  employed. 
746  watts =33,000  ft.  lbs.  per  minute =1  British  H.P. 

.-.     1  K.  W.  =  12^  X  33,000 = 44,236  ft.  lbs.  per  minute. 
746 

=737-2  ft  lbs.  per  second. 
.-.     1  K.W.  second  =737*2  ft  lbs. 

1  K.W.  hour     =3600  x  737*2 =2,654,000  ft.  lbs. 
The  mechanical  equivalent  of  1  B.Th.U.=778  ft  lbs.,  or  778  ft  lbs.,  raii?e 
1  lb.  of  water  1**  Fahr.  at  60*  F.    This  is  Joule's  equivalent 

.'.    ?  X  2-2  X  778=3080  ft  lbs.  raise  1  Kg.  of  water  1"  Cent 

.-.    3080  ft  lbs.  =  1  large  calorie. 

.-.     lK.W.hour=??^^-???=860Kg.C. 
3080  * 


Table  XVIIL—Equivalent  Values  for  Power  Expressed  in 
Different  Units  (English  and  Metric). 


K.W. 

Kg.CS. 

Kg.M.S. 

H.P. 

B.TIi.U.8. 

Ft.lta.S. 

lK.W.liequalto 

1 

0-288 

1020 

1-84 

0-947 

787 
8068 

1  Kg.CS.  to  equal  to 

4-20 

1 

427 

6«1 

8-97 

1  E:g.M.S.  to  equal  to     . 

0-00981 

0-00284 

1 

0-01816 

0-00980 

7-23 

1  H.P.  to  equal  to   .       . 

0  746 

0-1781 

1 
1-416 

0-707 
1 

660 

1  B.Th.n.S.  to  equal  to 
1  ft  lb.  8.  is  equal  to.     . 

1-066 

0-262 

778 

0001366 

0-000824 

0-1888 

0*001818 

0-001286 

Table  XIX.— Lengths. 


1  foot  equali . 

lyard    . 

1  statute  mile 

1  nautical  mile 

1  metre  . 

1  kilometre   . 

1  German  sea  mile 


Feet. 

1 
8 

6280 
0060 


8280*9 
6076-9 


v-,^.  '  Statute     Nautical 
Yards.  I    ^ji^^        i^ijgg^ 


0-8888 

1 

1760 

2026 

1-0936 


1 

-0001894  I  0-0001644 

•0005682  I  0-000498 

1  0-8684 


11616 
-0006214 


1098-6     0-6214 
2026-8   11-1607 


I 


1 
-0006896 
0-6896 
0-9998 


Metres. 

Kilo, 
metres. 

German 
SeaMilea 

0-8048 

8048A07 

0-0001646 

0-9144 

9144^0^ 

0000404 

1609-8 

1-6098 

0-8690 

1868-2 

,  1-8682 

1-0007 

1 

0001 

0-00064 

1000 

1 

0*6400 

1861-9 

,  1-8619 

1 
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TiiBLE  XX.— Areas  and  Volumes. 


Arias. 

Square    {     Sgiuure    ,     Square 
Inches,    i      Feet,      i     Yards. 

Square     i     Square 
Centimetres.     Metre. 

1 

laquareinch    ...          1         -006944-0007716 
1       „      foot     ...        144             1         0-1111 
1      „      yaid    .        .        .1296           9       '       1 
1      „      centimetre   .        .  i  0-1560      001076    -0001196 
1      „      metre  .        .        .  ,     1650      10-76        1-196 

6-451 

929 

8361 

1 
10000 

-0006451 
0-0929 
0-8361 
00001 

1 

VOLUMBS. 

Cubic 
Inches. 

Cubic 
Feet. 

Cubic            Cubic 
Yards.      .Centimetres 

Cubic 
Metres. 

1 
1  cubic  inch  .        .        •  j        1 
1     „      foot   .                 .  '     1728 
1     „      yard  .                       46660 
1     „      centimetre.        .     0-0610 
1     „      metre                 .      61030 

-0006787 
1 

27 
0-000036 

35-32 

■ 

-00002143 
0-0370 

1 
0-0000013 
1-3080 

16-386 
28310 
764500 

1 
10« 

1639/10« 
0-0283 
0-7646 
10-fl 

1 

Table  XXI.— Weights  and  Pressures. 


WIIQHTS. 

Lbs. 

Long  Ton.             Kgs. 

Metric  Tons. 

1  lb.  (pound  av.). 

1  ton  (long  ton)   . 

1  kil<^ram  .... 

1  metric  ton         .        .        . 

1 

2240 
2-205 
2205 

t 

-000446 

1 
-000984 
0-9842 

0-4636 
1016 

1 
1000 

-0004536 
1-016 
0-001 

1 

Lbs.  per 
Sq.  Inch. 

PRBSE 

If  bSf.' 

URB8. 

Inches  of 
Mercury. 

Mms.  of 
Mercury. 

1  lb.  per  sq.  inch . 
1  kg.  per  sq.  cm. . 
1  inch  of  mercury 
1  millimetre  of  mercury 

1 

1 
14-22 
0-4912 
00193 

1     0-0703 

'          1 
00345 
000136 

2036 
28-96 
1 
003937 

61-71 
735-5 
26-4 

1 
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'     •B.H.P.         ^JSLd^'|Metr.H.P.    |^„5« 


1  B.H.P.     . 

1  ft.  lb.  per  second 

1  metr.  H.P. 

1  kgm.  per  second 


1 
0-00182 
0-9863 
0-01315 


560 
1 
542-47 
7-233 


1-014 
0-01843 

1 
0-0133 


76-04 
0-1383 
76 

1 


We  wish  to  express  regret  that  England  and  America  adhere 
so  persistently  to  antiquated  and  inferior  systems  of  units. 
Throughout  the  Continent  of  Europe,  steam  engineers  are  employ- 
ing the  metric  system ;  and  largely  in  consequence  of  this 
circumstance  there  is  a  close  understanding  between  steam  and 
electrical  engineers.  On  the  Continent  of  Europe  the  younger 
generation  of  engineers  is  being  educated  to  employ  the  metric 
system  exclusively.  To  these  circumstances,  in  our  opinion,  is  to 
be  attributed,  far  more  than  to  some  other  alleged  causes,  the  rapid 
rate  at  which  Germany  and  Switzerland  are  coming  to  the  front 
as  rivals  of  English-speaking  countries  in  manufacture  and 
commerce. 

Tablb  XXIII. — Equivalbnt  Values  for  Spbbd  bxprbssbd  in  Diffbrbkt 
Units  (English  and  Mbtric). 


1 

1 

1  mile  per  hour  . 

Miles  per 
Hour. 

~    l' 

1-162 

0-682 

KnoU. 

0-8684 

1 
0-692 
0-64 

Feet  per 
Second. 

Eaometrea 
per  Hour. 

Metres  per 
SeooDd. 

1-467 

1-609 

1-863 

1-097 

1 

3-6 

0-4470   1 

1  knot  (nautical  ni.  per  hour) 

1-689 

1 
0-911 
3-28 

0-516 

1  foot  per  aecond 

0-306 

1  kilometre  per  hour  . 

0-621 
2-237 

0-278 

1  metre  per  second 

1-943 

1 

Equivalent  Values  for  Speeds. — To  facilitate  the  conversion 
of  speeds  from  one  system  of  units  to  another,  we  have  given  in 
Table  XXIV.  equivalent  values  of  speeds,  expressed  in  metres  per 
second,  feet  per  minute,  etc.,  for  speeds  ranging  from  1  metre  per 
second  to  100  metres  per  second.  Speeds  greater  than  100  m.  sec. 
can  be  easily  converted  by  simple  multiplication;  thus  for  220 
metres  per  second  the  same  sequence  of  figures  holds  as  for  22 
metres  per  second. 


NOMENCLATURE 
Table  XXIV. 
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1, 

1 

•d 

u 

1 

1  _s 

1 

o 
a 

s 

1 
1 

1 
1 

8-28 

t 

51 

3 

I 

1   J^ 

1 

c 

s 

1. 

1 

1 

1  I 

8-6 

2-24 

197 

183-6 

'  114-2 

10,060 

167-8 

2 

7-i 

4-48 

894 

6-56 

b%   - 

187-2 

116-5 

10,240 

170-6 

1   S 

10^ 

6-72 

591 

9-84 

53 

190-8 

118-7 

10,440 

173-8   , 

4 

14-4 

8W 

788 

181 

54 

194-4 

121-0 

10,640 

177-1   ' 

,   6 

18-0 

11-2 

985 

16-4 

55 

198-0 

123-2 

10,840 

180-5 

1   6 

21-6 

18-4 

1180 

19-7 

56 

201-6 

126-4 

11,030 

183-7   , 

1   7 

26-2 

15-7 

1880 

24-0 

57 

205-2 

127-7 

11,280 

187-0 

1   8 

28-8 

17-9 

1680 

26-2 

58 

208-8 

129-9 

11,430 

190.2 

<   9 

82*4 

20-2 

1780 

29-5 

59 

212-4 

132-2 

11,620 

193-5  1 

10 

860 

22-4 

1970 

82-8 

eo 

216-0 

134-4 

11,820 

196-8  t 

1  11 

80-6 

24-6 

2170 

861 

61 

219-6 

186-6 

12,020 

200-1  : 

1  12 

48*2 

26-9 

2360 

39-4 

62 

223-2 

138-9 

12,210 

203-4 

1  18 

46*8 

291 

2661 

42-6 

63 

226-8 

1411 

12,410 

206-6  ' 

14 

60-4 

81-4 

2760 

45-9 

64 

230-4 

148-4 

12,610 

209-9   1 

\    16 

64-0 

8SH 

2960 

49-2 

65 

234-0 

145-6 

12,810 

213-2  ; 

1  16 

67-6 

86-8 

8162 

52-5 

66 

237-6 

147-8 

13,000 

216-5   , 

1  17 

61-2 

88-1 

8850 

65-8 

67 

241-2 

150-1 

18,200 

219-8  ; 

!  18 

64-8 

80-8 

3660 

59*0 

68 

244-8 

162-8 

13,400 

223.0   1 

19 

68-4 

42-6 

8740 

62-3 

69 

248-4 

154-6 

13,590 

226-3 

20 

720 

44-8 

8940 

65-6 

70 

2620 

156-8 

13,790 

229-6 

21 

76-6 

47-0 

4140 

68-9 

71 

255-6 

169-0 

13,990 

282-9 

22 

79-2 

49-8 

4384 

72-2 

72 

269-2 

161-8 

14,180 

286-2 

28 

82-8 

516 

4630 

75-4 

78 

262-8 

163-6 

14,380 

289-4 

24 

86-4 

53-8 

4730 

78-7 

74 

266-4 

165-8 

14,680 

242-7 

25 

900 

56-0 

4980 

820 

75 

270-0 

168-0 

14,780 

246-0 

26  1 

98-6 

58-2 

6120 

85-8 

76 

278-6 

170-2 

14,970 

249-3 

27 

97-2 

60-6 

6820 

88-6 

77 

277-2 

172-5 

15,170 

252-6 

28 

100-8 

62-7 

5520 

91-8 

78 

280-8 

174-7 

15,870 

255*8 

29 

104-4 

65:0 

6710 

961 

79 

284-4 

1770 

16,560 

259-1 

1  30 

1080 

67-2 

5910 

96-4 

80 

288-0 

179-2 

15,760 

262-4 

81 

111-6 

60-6 

6110 

101-9 

81 

291-6 

181-4 

15,960 

265-7 

1  82 

116-2 

71-7 

6800 

1050 

82 

295  2 

183-7 

16,160 

269-0 

1  83 

118-8 

78-9 

6500 

108-2 

83 

296-8 

185-9 

16,350 

272-2 

84 

122-4 

76-2 

670O 

111-5 

84 

302-4 

188-2 

16,660 

275-5 

1  85 

126-0 

78-4 

6000 

114-8 

85 

306-0 

190-4 

16,750 

278-8 

>  86 

129-6 

80-6 

7090 

1181 

86 

309-6 

192-6 

16,940 

282-1 

1  87 

188-2 

82-9 

7290 

121-4 

87 

313-2 

194-9 

17,140 

285-4 

1  88 

186-8 

851 

7490 

124-6 

88 

318-8 

197-1 

17,340 

288-6 

39 

140-4 

87-4 

7680 

127-9 

89 

320-4 

199-4 

17,630 

291-9 

40 

144-0 

896 

7880 

131-2 

90 

8240 

201-6 

17,730 

296-2 

41 

147-6 

91-8 

8060 

134-5 

91 

327-6 

203-8 

17,930 

298-5 

42 

161-2 

94-1 

8270 

137-8 

92 

331-2 

206-1 

18,120 

301-8 

48 

154-8 

96-8 

8470 

141-0 

93 

834-8 

208-3 

18,320 

805-0 

44 

158-4 

98-6 

8670 

144-8 

94 

838-4 

210-6 

18,520 

308-8 

45 

162-0 

100-8 

8870 

147-6 

95 

342-0 

•212-8 

18,720 

311-6 

46 

165-6 

103-0 

9060 

160-9 

96 

346-6 

215-1 

18,910 

314-9 

47 

169*2 

105-8 

9260 

154-2 

97 

349-2 

217-8 

19,110 

318-2 

48 

172-8 

107-5 

94€0 

157-4 

08 

862'8 

219-5 

19,310 

321-4 

49 

176-4 

109-8 

9650 

160-7 

99  1 

866-4 

221-8 

19,500 

324-7 

60  1 

180-U 

112-0 

9860 

164-0 

100  ' 

360-0 

224-0 

19,700 

328-0 

So  far  as  costs  and  prices  are  mentioned,  these  are  often 
expressed  decimally  in  pounds  or  shillings  or  pence:  thus  £10'5 
denotes  ten  and  one  half  pounds,  and  not  ten  pounds  five  shillings. 
The  decimal  system  is  appreciated  by  everyone  who  has  taken  the 
pains  to  become  acquainted  with  its  simplicity. 


CHAPTER  III 

THE  DK  LAVAL  TURBINE 

The  de  Laval  turbine  is  an  excellent  instance  of  rational  engineer- 
ing development.     In  1883  we  find  de  Laval  working,  but  in  the 


Fio.  8.— Hero's  Turbine,  b.c.  120. 

light  of  modern  knowledge,  on  the  lines  of  Hero's  turbine  of  B.C. 
120,  or  thereabouts.  In  Figs.  3  and  4  these  two  turbines  are 
illustrated  side  by  side. 

For  some  years  de  Laval  appears  to  have  continued  his  investi- 
gations along  the  lines  of  the  Hero  type  (see  British  Patent  No. 
16020  of  1886),  but  in  1889  there  was  granted  to  de  Laval  British 
Patent  No.  7143,  in  which  we  find  the  inventor  occupied  with  the 
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type  of  turbine  invented  by  Branca  in  1628,  and  illustrated  in  Fig. 
5,  side  by  side  with  an  illustration  of  the  wheel  and  nozzles  of  a 
modem  de  Laval  turbine. 

While  the  present  treatise  does  not  primarily  concern  itself 
with  the  historical  development  of  the  modern  steam  turbine, 
nevertheless,  inasmuch  as  the  Hero  and  Branca  types  are  repre- 
sentative of  the  two  fundament^^  ideas  on  one  or  the  other  or 
both  of  which  the  action  of  all  steam  turbines  is  based,  it  is  of  use 

/ 


Fig.  4.— De  Laval  Turbine,  A.D.  1883. 
(Fr<m  Patent  l^hh,) 

to  reproduce  these  two  familiar  illustrations  of  the  Hero  and 
Branca  types  respectively.  Nor  would  we  belittle  de  Laval's 
work  in  investigating  these  older  types.  For  this  great  engineer, 
after  thoroughly  investigating  their  possibilities,  and  having  finally 
decided  in  favour  of  the  Branca  type,  proceeded  to  carry  out  a 
prc^amme  of  strikingly  original  inventive  work  which  resulted 
in  the  production  of  a  steam  turbine,  various  of  the  features  of 
which  have  become  fimdamental  principles  underlying  much  of 
the  most  important  modern  steam  turbine  development.    Never- 
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theless,  the  type  of  turbine  developed  under  de  Laval's  personal 
direction,  and  universally  known  under  his  name,  appears,  pending 
radical  developments,  to  have  reached  its  limitations  so  far  as 
relates  to  the  capacity  of  a  single  machine.  While  several  manu- 
facturers of  other  types  are  supplying  steam  turbines  of  from 
5000  to  10,000  horse-power  capacity  per  machine,  the  largest  size 
supplied  by  the  de  Laval  compaijies  remains  at  300  horse-power. 
From  this  capacity  downwards,  however,  the  de  Laval  turbine  is 
in  far  more  extensive  use  than  any  other  type,  having  now  for  all 
countries  a  record  of  some  5000  steam  turbines  installed,  com- 
prising motors,  electric  generating  sets,  pumps  and  ventilators. 
The  aggregate   rated  capacity   of   these   5000    turbines   is   over 


Fio.  6a.— Branca,  1628. 


Fig.  6b. — De  Laval 


150,000   horse-power,  or   an   average   rated  capacity  of  some  30 
horse-power  per  turbine. 


The  Diverging  Nozzle  introduced  by  De  Laval. 

The  most  important  feature  introduced  by  de  Laval  is  that  of 
the  diverging  nozzle  (see  British  Patent  No.  7143  of  1889),  the 
principle  of  which  has  greatly  influenced  the  development^  not 
only  of  the  de  Laval  type,  but  of  steam  turbines  in  general.  Fig. 
6  is  taken  from  de  Laval's  British  Patent  No.  7143  of  1889,  the 
text  of  which,  owing  to  its  importance  and  brevity,  we  reproduce 
as  follows  : — 

"  My  invention  relates  to  an  improvement  in  turbines  which 
are  set  in  motion  by  means  of  a  current  of  steam  ;  and  the  object 
of  the  improvement  is  to  increase,  by  complete  expansion,  the 
velocity  of  the  steam  current,  thus  producing  the  relatively  largest 
quantity  of  vis  viva  of  the  steam. 

"  I  attain  this  object  by  the  construction  of  the  steam  supply 
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pipe  in  such  a  manner  that  the  cross  sections  of  the  same  are 
slowly  increased  near  to  the  turbine  wheel  and  in  the  direction  of 
the  latter.  The  ratio  of  increasing  the  cross  sections  is  due  to  the 
proportion  and  distance  between  the  smallest  section  and  the 
largest  one,  in  such  a  manner  that  in  the  steam  passage  between 
these  two  sections  a  permanent  current  of  steam  is  produced 
under  isoentropical  expansion. 

"The  accompanying  drawing,  in  which  is  a  front  view 
and  a  side  elevation,  both  partly  in  section,  shows  the  mouth- 
piece of  a  steam   supply  M,  constructed  as  above  described,  in 


Fig.  6.— De  LavaPs  Expanding  Nozzle,  1889. 

combination  with  a  turbine  wheel  A.  h  is  the  smallest  and  c  the 
largest  cross  section.  Between  both  these  sections  the  steam 
expands  from  the  pressure  0-557  Pq  (Pq  =  hoiler  pressure)  to  the 
pressure  of  the  receiver  (  =  Pg). 

"  Having  now  particularly  described  and  ascertained  the  nature 
of  my  said  invention,  and  in  what  manner  it  is  to  be  performed, 
I  declare  that  what  I  claim  is : — 

"  In  steam  turbines,  the  combination  of  the  turbine  wheel  with 
a  steam  supply,  the  cross  sections  of  which  increase  regularly  near 
to  the  turbine  wheel  and  in  the  direction  of  the  same,  substantially 
as  and  for  the  purpose  specified." 
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Belahys  Speed  of  Steam  and  Turbine. 

From  the  above  patent  description  alone,  the  significance  of 
the  diverging  nozzle  is  not  immediately  apparent  The  following 
rough  elementary  considerations  may  be  useful. 

In  the  first  place,  it  will  be  well  to  explain  the  action  of  the 
de  Laval  type  of  steam  turbine  by  a  hypothetical  example : — 

Suppose  a  perfectly  elastic  body  ^  with  a  mass,  M,  weighing  one 
kg.,  to  be  travelling  in  a  straight  line  through  a  frictionless 
medium  (in  a  region  where  ^  =  9*8  metres  per  second),  at  a  uniform 
velocity,  V,  of  1000  metres  per  second.  The  kinetic  energy  of 
this  body,  i.e,  the  energy  possessed  by  it  in  virtue  of  its  motion, 
is  equal  to  ^MV*  or, 

i  X  ^  X  10002= 51,000  kilogrammetres. 

Suppose  this  body  to  collide  with  a  far  larger  perfectly  rigid 
body  moving  in  the  same  direction  at  one-half  the  speed ;  i.e.  at  a 
speed  of  500  metres  per  second,  the  relative  speed  of  the  two 
bodies  thus  being  1000  —  500  =  500  metres  per  second.  Its 
motion  relatively  to  the  far  larger  body  will,  in  virtue  of  the 
collision,  be  reversed  in  direction,  i,e.  relatively  to  the  far 
larger  body,  the  perfectly  elastic  body  of  one  kilogram  will 
precisely  reverse  its  direction  and  will  assume  a  velocity  of  500 
metres  per  second  relatively  to  this  far  larger  body.  But  since 
the  larger  body  continues  at  substantially  the  same  speed 
which  it  possessed  before  the  collision,  i.e.  at  a  speed  of  500 
metres  per  second,  the  absolute  speed  of  the  first  body  has  become 
500  —  500  =  0  metres  per  second,  i.e,  it  remains  motionless  in 
space,  and  hence  has  given  up  its  entire  kinetic  energy  to  the  far 
larger  body.^ 

Substituting  the  bladed  rim   of  the  revolving  wheel  of  the 

*  It  is  convenient  to  mentally  picture  this  body  as  a  sphere. 

*  Our  conceptions  of  speed  can  only  be  relative.  Thus  wlien  the  perfectly 
rigid  body  is  itself  moving  with  a  speed  V  in  the  same  direction  as  the  elastic 
body,  we  should  say  that  the  perfectly  elastic  Ixxiy,  having  a  speed  V,  would 
collide  with  a  relative  speed  of  only  V  -  V,  and  therefore  would  also  be  repelled 

y 
with  a  relative  speed  of  V- V.     If  V'=  ^  we  should  conclude  that  the  ebuaitic 

V 

body  is  thrown  back  with  a  speed  —   relative  to  the  rigid  body ;  and  as  the 

y 

rigid  body  moves  with  an  absolute  speed  of  —  ,  the  absolute  speed  of  the  elastic 

body  after  the  impact  will  necessarily  be  zero. 
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steam  turbine  for  the  "far  larger  body,"  and  one  kilogram  of 
steam  for  the  "  perfectly  elastic  body,"  we  at  once  see  the  basis  for 
the  statement  that  the  speed  of  the  blades  should  preferably 
approach  one-half  the  speed  of  the  impinging  steam.  For  were 
this  the  case,  and  were  both  bodies,  Le,  the  blades  and  the  steam, 
perfectly  elastic,  and  were  the  steam  to  impinge  from  a  direction 
normal  to  the  plane  of  the  blades  at  the  point  of  impact,  then  the 
steam  would  be  left  stationary  in  space  by  the  moving  blade  and 
depleted  of  its  kinetic  energy.  Since  the  direction  of  impact  is 
not  normal,  and  since  the  bodies  concerned  are  not  perfectly 
elastic,  this  ideal  velocity  is  only  a  rough  guide ;  and  furthermore, 
the  present  state  of  engineering  knowledge  is  so  limited  that  out 
of  consideration  for  the  constructional  standpoint,  much  lower 
peripheral  speeds  are  generally  employed  than  correspond  to  half 
the  speed  of  the  impinging  steam. 

Total  Efficikncy  of  Conversion  of  Energy  in  Steam. 

There  now  arise  the  three  questions : — 

I.  How  much  energy  is  required  to  raise  one  kilogram  of 
steam? 

II.  How  great  a  proportion  of  this  energy  per  kilogram  may 
be  converted  into  energy  of  translational  motion,  ie.,  into  kinetic 
energy? 

III.  What  will  be  the  corresponding  velocity  of  this  steam  ? 
Let  us  take  an  instance  where  the  steam  is  at  an  absolute 

pressure  of  13  kilograms  per  sq.  cm.  (i.e.  13  metric  atmospheres) 
and  with  50°  Cent  of  superheat.  Under  these  conditions  the 
total  heat  required  to  raise  one  kilogram  of  steam  from  one  kilo- 
gram of  water  at  0"  Cent,  amounts  to  698  calories  (i.e.  kilogram- 
d^ree  calories).^  To  many  engineers,  the  magnitude  of  this 
amount  of  energy  is  more  readily  appreciated  if  it  is  expressed  by 
the  equivalent  in  kilowatt-hours. 

698  calories  =  0-812  kilowatt-hours. 
For  the  present  purpose,  as  we  wish  to  arrive  finally  at  the 
velocity  of  the  steam  when  emerging  from  the  mouth  of  the  nozzle, 
we  shall  express  the  amount  of  the  energy  by  its  equivalent  in 
kilogrammetres. 

698  calories  =  298,000  kilogrammetres. 

Now  if  this  enei^y  could  be  transformed  completely  into  the 
kinetic  form  {i.e.  into  energy  of  translational  motion),  then  V,  the 

^  This  subject  is  dealt  with  in  more  detail  in  Chapter  XIII. 
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speed  of  the  steam  in   metres  per  second,  would  be  derived  by 
solving  the  equation : — 

ixixV2  =  298,000 
-     9-8 

V  =  2420  metres  per  second. 

When  steam  flows  through  plane  orifices,  it  has  been  experi- 
mentally demonstrated  that,  independently  of  the  ratios  of  the 
pressures  on  the  two  sides  of  the  orifice  (so  long  as  this  ratio  is  at 
least  2  :  1),  and  also  largely  independent  of  the  contour  of  the 
orifice,  the  velocity  of  the  flow  of  the  steam  through  the  orifice 
is  nearly  constant.  It  has,  in  fact,  the  values  shown  in  the  curve 
of  Fig.  7. 

From  this  curve  we  see  that  steam  flowing  from  a  source  where 
the  absolute  pressure  is  13  kilograms  per  sq.  cm.  through  a  plane 
orifice  on  the  other  side  of  which  the  pressure  is  0*134  kilogram 
per  sq.  cm.,  i.e.,  into  a  26  in.  (66  cm.)  or  86*6  per  cent,  vacuum, 
will  emerge  from  the  orifice  with  a  velocity  of  450  metres  per 
second.  The  kinetic  energy  per  kilogram  of  steam  after  emerging 
from  the  orifice  will  be 

^y^       X  450^  =  10,400  kilogrammetres. 
9*8 

This  represents  only  ^^'^^^^^i-*^  =3*48  per  cent,  of  the  total 
^  ^       298,000  ^ 

energy  per  kilogram  of  steam  at  this  pressui*e.     Since,  moreover, 

this  kinetic  energy  is  exerted  in  every  direction,  it  will  be  liberal  to 

estimate  that  not  over  2  per  cent,  could  be  rendered  available  for 

imparting  motion  to  the  turbine  wheel  by  impinging  on  the  blades. 

By  de  Laval's  diverging  nozzle,  however,  there  is  actually 

obtained,  under  those  conditions  of  pressure,  a  velocity  of  the  steam 

emerging  from  the  mouth  of  the  orifice  of  some  1100  metres  per 

second,  and  this  steam  is  in  a  state  of  rectilinear  translational 

motion  parallel  to  the  axis  of  the  nozzle.     Were  it  not  for  losses 

due  to  friction  against  the  sides  of  the  nozzle,  the  velocity  would 

be  1170  metres  per  second,  as  may  be  seen  from  the  theoretical 

curves  of  Fig.  8,  which  have  been  deduced  by  the  authors  from 

data  published  by  Garrison,  Andersson,  and  Sosnowski.^ 

*  "The  de  Laval  Steam  Turbine,'^  Charles  Garrison,  Technology  Quarterly, 
vol.  xvii.  p.  14,  March  1904  ;  "  Steam  Turbines,  with  Special  Reference  to 
the  de  Laval  Type  of  Turbines,"  Konrad  Andersson,  Tramaetions  of  the 
I'ostitulion  of  Kngiiheers  ai\d  Shipbuilders  in  Scotlayid,  vol.  xlvi.,  November 
1902 ;  "  La  Turbine  h,  Vapeur  de  Laval,"  K.  Sosnowski,  Paris,  Imprimerie  H. 
Cherest,  1903,  p.  18. 
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fthsolut>e  SdeAm  Finest  are  in  Kgs.  acr  Sc^cm. 

Fio.  7. 
.  The  velocity  of  1100  metres  per  second  corresponds  to 
J  X  ^  X  1100^  =  62,000  kilogrammetres 

of  kinetic  energy  per  kilogram  of  steam,  or 

298.000 ^"8  per  cent. 

of  the  total  energy  necessary  to  raise  the  steam.  From  the 
relative  positions  and  forms  of  the  mouth  of  the  nozzle  and  the 
blades  of  the  turbine  wheel,  as  shown  in  the  right-hand  illustration 
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Fig.  5b,  and  in  the  illustration  Fig.  6,  it  is  evident  that  nearly 
the  entire  kinetic  energy  of  the  steam  will  be  directed  upon  the 
wheel.  Hence,  of  the  0'812  kilowatt-hours  of  energy  to  raise 
one  kilogram  of  steam  there  is  applied  to  driving  the  wheel,  as  a 
maximum, 

0-812  X  0-208  =  0169  kilowatt-hours. 


e      4      e      5       W    ^     74-     7e    7a     w     ^~ 

flhsofuCe  Stetjn  fi^eeeure  m  K/iogramsjoer  Sa  Centimeter 

FiQ.  8.  —Theoretical  Speeds  of  Steam  wh/em.  discharging  through  suitably  desigjied 
De  Laval  nozzles  from  stated  pressures, 
A = into  atmosphere. 
B=into  86*6  per  cent,  vacmtm. 

For  a   turbine  wheel  of  100   per  cent,  efficiency,  we  ought, 
therefore,  to  obtain  a  kilowatt-hour  for  every 

- — =5-9  kilograms  of  steam, 

0-169  ^ 

or  a  brake  H.P.H.  for  5-9  x  0-746 =4-4  kilograms  of  steam,  under 
the  assumed  conditions  of  an  absolute  admission  pressure  of  13 
kilograms   per  sq.  cm.   and   50°   C.   superheat,  and  a  condenser 
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pressure,  of  0*134  kilograms  per  sq.  cm.,  i.e.,  an  86*6  per  cent.  (26 
in.  or  66  cm.)  vacuum. 

In  a  300  horse-power  de  Laval  turbine  supplied  with  steam  at 
an  absolute  pressure  of  13  metric  atmospheres  and  with  50**  C. 
of  superheat,  and  exhausting  into  a  condenser  with  an  86*6  per 
cent,  vacuum,  a  steam  consumption  of  about  8  kilograms  per  brake 
H.  P.H.  is  generally  obtained. 

When  coupled  to  a  dynamo,  a  300  horse-power  de  Laval  turbine 
is  required  for  a  209  K.W.  set,  and  when  operating  with  an  ad- 
mission pressure  of  13  absolute  metric  atmospheres,  50°  C.  super- 
heat, and  an  860  per  cent.  (26  in.  or  66  cm.)  vacuum,  is  found  to 
require,  at  rated  load,  about  10  kilograms  of  steam  per  kilowatt-hour. 
Thus  the  total  efficiency  of  conversion,  from  the  total  kinetic  energy 
in  the  steam  supplied,  into  electrical  energy  from  the  dynamo,  is 

5'9 
about        =59  per  cent.    The  remaining  41  per  cent,  supplies  the 

following  losses : — 

1.  Nozzle  losses. 

2.  Leakage  losses. 

3.  Radiation  losses. 

4.  Losses  due  to  the  friction  of  the  turbine  wheel  revolving  in  the  steam. 

5.  Losses  due  to  the  friction  of  the  steam  travelling  over  the  vanes. 

6.  Losses  due  to  the  bearing  friction  of  the  wheel. 

7.  Losses  in  the  speed  reduction  gearing. 

8.  Losses  in  the  dynamo. 

9.  Losses  due  to  the  residual  kinetic  energy  in  the  steam  passing  to  the 

condenser. 

Steam  Economy  in  De  Laval  Turbines 

Before  proceeding  to  discuss  these  internal  losses,  it  will  be  of 
interest  to  investigate  the  steam  economy  obtained  in  practice 
with  the  de  Laval  steam  turbine. 

Throughout  this  section  we  shall  adopt  the  practice  of  expressing 
the  results  in  kilograms  of  steam  per  kilowatt-hour  output  from 
the  dynamo  driven  from  the  turbine.  Now,  it  is  true  that  some  of 
the  pubUshed  tests  to  which  reference  will  be  made,  were  can  ied 
out  on  turbines  employed  for  purposes  other  than  for  driving 
dynamos.     There  is,  of  course,  a  wide  field  for  such  use  of  turbines. 

Efficiencies  of  Electric  Generators  used  in  Calculations. 

Nevertheless,  since  the  driving  of  dynamos  is  at  present  by  far 
the  most  extensive  single  application  of  steam  turbines,  we  have 
found  it  desirable  to  reduce  all  results  to   terms  of   the  steam 
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consumption  per  kilowatt-hour  output  from  the  dynamo  driven 
by  the  turbine.  To  transpose  the  values  in  the  cases  of  careful 
tests  in  which  no  dynamo  was  employed,  we  have  undertaken  an 
examination  of  the  efficiencies  of  dynamo-electric  generators  of  a 
wide  range  of  outputs,  speeds,  voltages,  and,  in  the  case  of 
polyphase  generators,  periodicities.  The  investigation  comprised 
about  150  different  machines  by  various  firms  and  designers. 
From  this  data,  curves  were  deduced  setting  forth,  in  terms  of  the 
rated  output,  the  efficiencies  at  25  per  cent.,  50  per  cent.,  75 
per  cent.,  100  per  cent.,  and  150  per  cent,  of  the  rated  output. 
Obviously  there  is  not  yet  sufficient  progress  in  the  design  of 
steam  turbine-driven  dynamo-electric  generators  to  obtain  useful 
averages  for  the  efficiencies  of  machines  designed  for  these 
extremely  high  speeds,  but  in  lieu  of  such  information  we  exam- 
ined at  lower  speeds  the  influence  of  the  rated  speed  on  the 
efficiencies,  and  we  failed  to  find  any  marked  uniform  effect. 
Further  progress  in  the  art  will  doubtless  reveal  some  considerable 
variation  in  the  efficiencies,  due  to  the  variations  in  the  speed, 


38 


STEAM  TURBINE  ENGINEERING 


but  for  our  present  purpose  we  believe  that  the  influence  of  the 
speed  and  frequency  will  rarely  affect  the  result  by  more  than 
one  or  two  per  cent.     Had  the  results  examined  related  exclusively 
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Fios.  16  and  18.— Mean  Effioienoies  of  Continuous  and  Alternating  Current 

Generators. 

to  the  product  of  one  manufacturing  firm  or  to  the  work  of  a 
single  designer,  this  would  not  have  been  the  case.  But  the 
curves  are  intended  to  represent  average  efficiencies  for  a  large 
number  of  miscellaneous  designs  from  many  countries.     Abnormal 
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voltages,  of  course,  affect  the  results,  but  these  are  neglected 
in  the  curves,  which  are  intended  to  relate  to  a  wide  range  of 
intermediate    voltages.     In    the    case    of    a    very    high-voltage 
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Genei-ators. 

polyphase   generator   or   a  very  low-voltage  continuous  current 

generator,  an  extra  allowance  should  be  made  at  the  discretion 

of  the  engineer  referring  to  these  curves  for  any  special  purpose. 

The  results  for  the  continuous  current  dynamos  are  set  forth 
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in  Figs.  9,  10,  11,  and  12,  and  for  the  polyphase  dynamos  in 
Figs.  13,  14,  and  15.  In  the  case  of  the  polyphase  dynamos, 
the  excitation  loss  has  not  been  included  in  deriving  the  efficiencies, 
since  the  excitation  will  be  supplied  from  an  external  source  of 
power. 

It  will  be  seen  from  Figs.  9  to  15  that  there  is  but  little 
difference  between  the  average  results  for  the  eflSciencies  of 
alternating  current  and  of  continuous  current  dynamos.  For  the 
practical  purposes  of  the  present  investigation,  it  is  more  convenient 
to  consult  the  curves  of  Figs.  16  to  19,  which  are  mean  results 
for  alternating  and  continuous-current  dynamos. 

In  all  instances  where  the  tests  were  made  by  measuring  the 
output  from  the  dynamo,  and  the  input  in  quantity  of  steam,  we 
have  taken  the  observed  results  as  the  basis  for  our  work  and  have 
had  no  occasion  to  consult  the  curves  of  Figs.  16  to  19.  Where, 
however,  the  output  from  the  turbine  shaft  alone  was  measured, 
we  have  assumed  the  addition  of  a  dynamo  having  the  efficiencies 
set  forth  by  these  curves  and  have  deduced  results  for  the  output 
in  kilowatthours  from  this  hypothetical  dynamo,  per  kilogram  of 
steam  consumed  by  the  turbine. 

In  this  way  we  obtained  curves  from  which  the  results  set 
forth  in  Table  XXV.  have  been  derived.  From  the  curves  from 
which  we  have  deduced  this  table,  we  have  read  off  the  inter- 
polated values,  and  this  accounts  for  such  entries  as  "  3*7  nozzles 
open."  Such  an  entry  merely  indicates  that  the  load  was  inter- 
mediate between  the  loads  at  which  3  and  4  nozzles,  respectively, 
were  opened.  Of  course,  each  nozzle  is  either  completely  opened 
or  completely  closed. 

On  the  basis  of  one  or  the  other  of  the  various  sets  of  test 
results  recorded  in  Table  XXV.  many  interesting  deductions  may 
be  made.     See  folding  sheets,  pages  (1),  (2),  (3). 

In  Table  XXVI.  the  German  and  Swedish  estimates  are  from 
Ban  der  DampfturUnen^  A.  Musil,  Leipzig,  B.  G.  Teubner,  1904, 
pp.  80  and  93.  The  French  estimates  are  from  "The  Steam 
Turbine,"  K.  H.  Thurston,  Transactions^  American  Society  of 
Mechanical  Engineers,  vol.  xxii.,  p.  215,  1901. 

The  Effect  of  Varying  the  Pressure. 

Let  us  first  concentrate  our  attention  on  the  effect  of  varying 
pressure  at  full  load. 

From  Test  11.  of  Table  XXV.,  relating  to  a  19-6-kilowatt  set,  we 
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Table  XXVI. —Full-Load  Stkam  Conbumftion  of  De  Laval  Steam  Turbine  Sets  in 

KiLOOBAMR   OF   DrY  SATURATED  StEAM  PER  KiLOWAlT-HoUR  OUTPUT  FROM   THE  DtNAMO. 
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1  The  Humboldt  Co.  made  two  machines  of  diflTerent  diameters  for  each  of  these  outputs. 
For  the  lOO  horse-power  Turbines  diameters = (a)  500  ram.  and  (6)  400  mm. 
ti       IW  »»  f,  M  =(a)  5'H)  mm.  and  (5)  400  mm. 
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Table  XXV I. — continued. 
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The  Humboldt  Co.  made  two  machines  of  different  diameters  for  each  of  these  outputs. 
For  the  100  horse-power  Turbines  diameters = (a)  TrOO  mm.  and  (6)  400  aim. 
„       160  ,,  „  „  =(a)  500  mm.  and  (5)  400  mm. 
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Tablb  XXVL— ccwUwMerf. 
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„       150  „  „  „  »(a)  500  mm.  and  (6)  400  mm. 
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Table  XXVI. — continued. 
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For  the  100  horse-power  Turbines  diameters =(a)  500  mm.  and  (6)  400  mm. 
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Table  XXVI. — c&tUirmed, 
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For  the  100  horse-power  Turbines  diameters = (a)  500  mm.  and  (6)  400  mm. 
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Table  XXWL— continued. 
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1 

1 

1 

19-5 

180 

(a)>  «7-8 

100 

•• 

1""  : 

18     jll-6i  .. 

!       1 

1 
1  " 

19-6 

130 

•• 

(6>l67-8 

,» 

30 

1 ' 
14-6  18   ;  .. 

..     1.. 

•• 

" 

1 
(a>ll08   160 

.. 

18 

1 
U     ,  .. 

..     1  .. 
1 

•• 

19-4 

(6)1103   160 

19 

1 

" 

•• 

•■ 

•• 

137      IsOO 

1 

1 

1 

•• 

186 

11  1 

•• 

16« 

336 

11-8    10-6     .. 

.. 

1 

1 

800 

11     jlO 

17-2 

JO-6 

1 

1  The  Humboldt  Oe.  made  two  machines  of  different  diameters  for  each  of  these  outputs. 
For  the  100  horse-power  Turbines  diameters = (a)  600  mm.  and  (h)  400  mm. 
„        160  „  „  „  =  (a)  6«0  mm.  and  (6)  400  mm. 
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Tablb  XXyi.—continv4:d. 


1 

li 

P 

1 

s  s 
8 

18 

19 

German. 

French. 

Swedish. 

GemiAn. 

French. 

Swedish. 

^  ^  Vftcnumof 

8  ^  1 
§1 

1^     Ut    92/^ 

ii 

1^ 

V'acu 

am  of 
92  , 

.. 

Vacu 

84i 

nm  of 
92; 

S  ^ 
g  c 

ft 

Vncuntn  of 

84 ,.     92y 

1 

VHciiam  of 

84  V  ,  92  V 

If 

V«cu 

84% 

uin  of 
92 

1-83 



1 

1 

1           1 

-H- 

3  08 

5 

6-20 

10 

•• 

1 





1 



••60 

16 

•• 

1           . 
...     ..   ,     .. 

129 

20 

..    ^      .. 



.. 



19« 

80 



83-3 

60 





.. 



J 

1 

60-8 

76 

' 

..             .. 

(a)l  67-8 

100 

•• 

..  i    .. 



.. 

•• 

(6)1  67-8 

100 

.. 

1 





(a)l  103 

liO 
160 

..     .. 



_ 

.. 



-  — 

(6)1  108 

..!  .. 



137 
166 

200 
225 











.. 

.. 



..  '    .. 

..     1        .. 

•• 

209 

8(0 

.. 

.. 

•• 

1  The  Humboldt  Co.  made  two  machines  of  different  diameters  for  each  of  these  outputs. 

"      *  ilOOh  " 

1.50 


For  the  100  horse-power  Turhlncs  diameters  =fa;  600  mm.  and  (6)  400  mm. 
„        =(«)  600  mm.  and  (6)  400  mm. 
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Table  XXVI.-  continued. 


1 

1 

1. 

IS 

1 

G 

Abaolute  Metric  A 

20 

fcmosp 

herex. 

Absol 

ate  Me 

trie  A 

21 

i-ench 

tniosp 

heres. 

erman 

French 

Swedish. 

Gt-rroar 

. 

!• 

Swedish. 

S  be 

II 

V'acaam  of 

II 

Vacnam  of 

5  ^ 

8  a 

Vacuum  of 

a  bb 

II 

Vacuum  of 

^  ^  Vacuum  of 

8  bfi 

Vacuum  of 

1 
84%  ^  92-:  ' 

..   1     .. 
j 

..   j     .. 

84^ 

92/ 

84;/ 

92/ ill 

1 

84/ 

92;^ 

84  :^ 

92"/: 

a '  845r 

92  j( 

1-8.3 

3 

•• 

.. 

— 

..   132-7 '24  2 

1 

..  1     .. 

3-08 

.*> 

j 

281    22-8 

6-20 

10 
15 

1 

.. 

1          ! 



I 
27-9  j  19-2 

26-7  '  18-2 

i 

1 

1    9-50 

, 



..,..l..i.. 

— i — 
1 

12-9 

20 

1 

■•  '     ••  1     •• 

24-5 
22-7 

14-9 

1 
19  6       1  30 

-  — 

14-7 
18  0 

1  33-3 

50 
75 

1       .        .. 
1 

• 

— 

1 
..     19-6 

..      18-5 

1 

..     18-4 
..      181 





,. 

1 

1  50-8 

1 



••        •• 

'* 

12-7 
116 

1     ■ 
Ka)l67-8 

100 

■• 

— 

■• 

j(A)l  67  8 

100       ..   '     .. 

1         1 
..  1    ..       .. 

" 

: 



..   1     .. 

1 

l(a>l  103 

1 

150       .           ,.   i     .. 

1 



..   ^ 

1 

W  103 

150 

•• 

; 

..| ..  .. 

1 

;    .,; 

200       .. 

.. 



"" 

1         1 

..   '     ..   I17-6 

1         ; 

..1    ..       .. 

10-8 
10-4 

. 



.  »56 

225      .. 



— 

'     309 

800 

_ 

■"   1     "• 

16-5 

1  The  Humboldt  Co.  made  two  machines  of  different  diameters  for  each  of  these  outputs. 
For  the  100  horse-power  Turbines  diameters = fa)  5<  0  mm.  and  (b)  400  uiin. 
„       150         „  „  „         =(a)  500  mm.  and  (6)  400  mm. 
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obtain  curve  A  of  Fig.  20,  showing  the  relation  between 
admission  pressure  and  steam  consumption  when  operating  non- 
condensing.  Curve  B,  of  the  same  figure,  is  deduced  from  the 
values  in  Table  XXVI.,  which  sets  forth  the  guarantees  of  three  of 
the  companies  manufacturing  the  de  Laval  turbine.  Incidentally, 
the  curves  of  Fig.  20  indicate  that  these  guarantees  are  con- 
servative, as  they  show  for  this  size  of  turbine  slightly  higher 
steam  consumptions  than  were  found  by  tests.  For  our  present 
purpose,  however,  it  is  the  rate  of  change  of  the  full  load  consump- 
tion with  change  in  admission  pressure  which  we  wish  to  study, 
and  we  shall  therefore  take  mean  values  between  the  two  curves 
A  and  B.     We  thus  derive  Table  XXVII. 


Table  XXVII.— -Analysis  of  the  Test  Results  for  a  19*6  K.W.  db 
Laval  Turbine  for  the  purpose  op  determining  the  Relation 
BETWEEN  Admission  Pressure  and  Steam  Consumption,  when 
Running  Non-condenbing. 


Change  in  Admission 

PreMore  In  (Absolute) 

Metric  Atmospheres 

from  I.  to  II. 


L 

II. 

2 

3 

3 

4-6 

4 

6 

5 

7-5 

6 

9 

7 

10-5 

8 

12 

9 

13-5 

10 

16 

''  1 

16-6 

Corresponding 

Percentage  Decrease  in 

Steam  Consnmption 

from  Fig.  SO. 


230 


22-0 


21-0 


17-9 
13-36 
10-7 
10-9 


10-4 


100 


10-2 


Corresponding 
Percentage  Decrease 
in  Steam  Consump- 
tion for  each  per 
cent.  Increase  in 
Pressure. 


0-46 


0-44 
0-42 
0-358 


0-267 


0-214 
0-218 
0-208 


0-20 
0-204 


Corresponding 
Mean  Pressure  in 
(Absolute)  Metric 
Atmospheres  (t.e. 
Mean  of  I.  and  II.). 


2-50 


3-75 


600 
6-25 


7-60 


8-75 
10-00 
11-25 
12-50 


13-75 


The  results  in  the  Ig-st  two  columns  of  Table  XXVII.  are 
plotted  in  curve  A  of  Fig.  21.  From  the  Humboldt  Company's 
guarantee  tables  we  have  also  deduced  curve  B  for  these  same 
pressures,  but  with  the  accompaniment  of  a  vacuum  of  86*6  per 
cent.  (26  inches  or  660  millimetres). 
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By  comparing  the  Humboldt  Company's  guaranteee  for  their 
larger  sizes  of  de  Laval  turbine,  the  same  rate  of  decrease  in  steam 
consumption  per  per  cent,  increase  in  admission  pressure  is  found 
to  obtain,  and  hence  at  full  load  the  curves  of  Fig.  21  may  be 
taken  as  correct  not  only  for  the  19'6  kilowatt  size,  but  for  all 
sizes  of  de  Laval  steam  turbine  generating  sets  up  to  the  largest 
on  their  lists,  which  has  a  full-load  rating  of  209  kflowatts. 

The  Effect  of  Varying  the  Vacuum. 

The  next  point  is  to  study,  at  full  load,  the  decrease  in  steam 
consumption  per  per  cent,  increase  in  vacuum.  We  shall  at  first 
confine  our  investigation  to  an  admission  pressure  of  13  (absolute) 
metric  atmospheres  and  no  superheat,  and  we  shall  base  our  study 
upon  the  values  guaranteed  by  the  Humboldt  Company  as  given 
in  Table  XXVI. 

Analysing  these  guarantees  at  a  pressure  of  13  (absolute)  metric 
atmospheres  and  no  superheat,  for  sets  of  19*6,  50*8, 102  and  209 
kilowatts  capacity,  we  obtain  the  curves  of  Fig.  22.  These  all 
ahow  approximately  the  percentage  decrease  in  steam  consumption 
per  per  cent,  increase  in  vacuum,  plotted  in  the  curve  of  Fig.  23. 

Now  by  first  applying  corrections  for  different  pressures  and 
next  for  different  vacua,  we  are  in  a  position  to  reduce  any 
observed  full-load  results  to  terms  of  the  performance  of  a  set  of 
corresponding  rated  output,  but  designed  for  and  operated  at  an 
admission  pressure  of  13  (absolute)  metric  atmospheres,  andtwith 
a  vacuum  of  86*6  per  cent.  (26  inches  or  660  millinxetres  for  a 
barometric  pressure  of  30  inches  or  760  millimetres),  and  with  no 
superheat.  By  this  means  we  derive  from  the  full-load  data  in 
Table  XXV.  the  values  set  forth  in  Section  A  of  Table  XXVIII.,  in 
which  have  also  been  entered  up  for  the  corresponding  sizes  the 
values  taken  from  the  guarantee  lists  of  the  French,  German,  and 
Swedish  de  Laval  companies. 

Thus  from  the  data  under  the  heading  of  Eeference  No.  I.  of 
Table  XXV.  we  see  that  Lea  and  Meden  found  29  kilograms  per 
kilowatt-hour  to  be  the  steam  consumption  of  a  10  kilowatt  set 
at  full  load,  for  an  admission  pressure  of  11  (absolute)  metric 
atmospheres,  no  superheat,  and  working  non-condensing.  From 
Fig.  21  we  find  that  a  turbine  working  under  the  same  conditions 
in  all  other  respects,  but  with  an  admission  pressure  of  13 
(absolute)  metric  atmospheres  instead  of  11,  will  have  its  steam 
consumption  reduced  0*21  per  cent,  for  each  per  cent,  increase  in 
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Mean  Vacuum  m  per  cent 
Figs.  22  and  28.— Eflect  of  Vacuum  on  Steam  Consumption. 

Steam  pressure.     This  value  is  derived  from  curve  A  for  the  mean 
steam  pressure  of 

— t—  =  12  (absolute)  metric  atmospheres. 
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Now  an  increase  from  11  to  13  atmospheres  is  an  increase  of 
—  ■■^-x  100  =  18-2  per  cent. 

Hence  the  improvement  in  economy  will  be 

18-2x0-21  =  3-8  per  cent., 
and  the  steam  consumption  will  be  reduced  to 

29-0  X  0-96  =  27-9  kilograms  per  kilowatt-hour. 

In  all  cases  where  the  change  in  pressure  is  a  matter  of  but  a 
few  atmospheres,  it  suffices  to  thus  employ  the  mean  percentage 
increase  as  obtained  from  the  curves  in  Fig.  21. 

Now  what  will  be  the  economy  when  we  introduce  the  further 
change  from  working  non-condensing  to  working  with  86'6  per 
cent,  vacuum  ?  In  this  case  the  change  is  rather  too  great  to 
make  it  desirable  to  employ  the  rate  of  change  at  the  mean  value 
of  the  vacuum  {i,e,  at  43*3  per  cent,  vacuum),  as  obtained  from 
Fig.  23.  It  is  preferable  to  consult  the  curves  in  Fig.  22,  from 
all  four  of  which  we  find  that  the  steam  consumption  with  a 
vacuum  of  86*6  per  cent,  is  approximately  61  per  cent,  of  the 
consumption  when  working  non-condensing,  or,  over  this  wide 
range,  the  average  rate  of  decrease  in  steam  consumption  for  each 
per  cent,  increase  in  vacuum  is 
100-61 


86-6 


:  =  0-45  per  cent. 


Full-Load  Steam  Consumption. 

Hence  the  full-load  steam  consumption  of  a  196-kilowatt  turbo  set 
for  operation  at  a  pressure  of  13  (absolute)  metric  atmospheres 
and  with  an  86'6  per  cent,  vacuum,  will  be 

27'9 X 061  =  17'0  kilograms  per  kilowatt-hour. 

This  is  the  value  entered  up  under  reference  No.  I.  in  section  A 
of  Table  XXVI II.  In  the  same  way,  by  derivation  from  the  full-load 
test  results  in  Table  XXV.  we  have  obtained  values  for  the  remaining 
sizes  at  full  load  for  these  same  admission  and  exhaust  pressures, 
and  these  have  been  embodied  in  the  appropriate  section  of  Table 
XXVIII.  The  full-load  values  in  section  A  of  Table  XXVIII.  have 
been  plotted  in  Fig.  24,  which  shows  the  steam  consumption  at  full- 
rated  load  for  various  rated  outputs,  at  an  absolute  pressure  of 
13   kilograms,  86'6   per  cent,  vacuum   and  no  superheat.      The 
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Tablk  XXVIII.— No  Superheat. 


I 


a 


steam  CoiiBUinpUoD  of  the  0e  Laval  Steam 

Turbine  at  Various  Loads  per  K.  W.  Hour  Output 

at  IS  Absolute  Metric  Atmospheres,  with  an 

86-6  per  cent.  Vacuum.    No  Superheat. 


1  Quaraateed  for  an  84  per  cent,  vacuum. 
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Table  XXV  [IT.— .W  C.  Superheat. 


B 

> 

f 

1 

s 

3 
I 

i 

a 

i 

beam 
Output 
dan 
eat. 

Steam  Consumption  of  the  De  Laval  SI 

Turbine  at  Various  Loads  per  K.  W.  Hour 

at  13  Absolute  Metric  Atmospheres  an 

86-6  per  cent.  Vacuum.    60'  C.  Superb 

Reference  Number  from  Table 

Rated  Output  reduced  to  terms  of 
from  Dynamo  at  Rated  Loa 

s 
1 

3 
1 
& 

a 

1 
s 

o 

1 

& 

o 

tt 
% 

Full  Load. 

Half 
Load. 

1 

As  derived  from  Test               C  £ 
ResulU  in  Table  XXV.              2  | 

II 

^1 

As  derived  from  French  Co.'s 

Guarantee  List,  altered 

only  for  Su|)erheat. 

As  derived  from  German  Co.'s 

Guarantee  List,  altered 

only  for  Sujwrheat. 

- 
As  derived  from  Swedish  Co.'8 
Guarantee  Lists,  altered 
tmly  for  Superheat. 

H 

Is 

■  l5 

^1 



I. 

10 

24,UU0 

2400 

10:1 

l'.-8 

1 17-9 

17-8 

20-4 

II. 

19-6 

20,000 

2IH)0 

10:1 

16  7 

» 14-65 

14-4 

14-66 

181 

III. 

19-6 

20,000 

2000 

10:1 

12-8 

U4-65 

14;.4 

_ 

17-3 

200 





— 





IV. 

V. 

19-6 
87-4 

20,(J00 

2000 

10: 1 

13-6 
13-4 

1  14-66 
112-9 

14-4 
18-66 

12-2 

178 
14-95 

a)-o 

16-65 

VI. 

37-4 

13-6 

112-9 

13'65 

12-2 

14-76 

16-4 

VII. 

74-6    ' 

108 

1(13 

13,000 

12:>0 

10:1 
12-5  :  1 

14:1 

12:1 
10:  I 

11-7 
9-5 
9-6 

8-9 

10-a 
9-7 

111-4 
Ml-l 
lU-l 
1  10-6 
110-1 
110  1 
1101 
1101 
110-2 
110-2 

11-5 

11-2 

112 

10-85 

10-2 

11-6 

12-46 

18-6     ; 

VIII. 
IX. 
X. 

1060 

WK) 
749 

749 

900 
770 

11-2 

11-2 

10-75 

10-6 

10-6 

10-6 

11*4 

1116 

11-8 

11-6 

10-2 

13-45   1 

13,000 

18-46  1 

137 

2(N) 

21)9 

209 
209 

-*  — 

1 13-36 

12-0 

1226 

1 13-05 

XL 
XII. 
XIII. 

•• 
10,6(K) 

10,500 
7,5W) 

10-2 
10-2 

9-2 

9-4 

9-86 

9-66 

9-36 

9-4 

10-3 

10-76 

11-25 

XIV. 

10-2          10-6 

XV, 

XVL 

XVIL 

XVIII. 

lO'O 

10-2 
10-2 

10-0 

118 

1  10-2 
1 10-2 

10-0          10-2 

iro 

.. 

10-0          10-2          10-65 

12-06 

XIX. 

209 

7.600 

760 

10  :  1 

9-4 

1  10-2 

10-0          10-2     1     10-4     '     11-8 

XX. 

•■ 

1 10-2 

100          10-2 

1                                 1 

1 

Derived 

rromgui 

irantees 

in  sectioi 

1  A  for  t 

he  same 

vacuum, 

viz.  84  p 

er  cent. 
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difference  between  the  guaranteed  steam  consumptions  of  the 
French,  German,  and  Swedish  firms,  and  those  found  from  the 
test  results  given  in  Table  XXVIII.,  which  are  the  values  of  steam 
consumption  derived  from  published  tests  corrected  to  a  constant 
absolute  pressure  of  13  kilograms  and  an  86*6  per  cent,  vacuum 
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Fig.  24. — Full-Load  Steam  Consumption. 

with  no  superheat,  was  extremely  small.  It  has  therefore  been 
found  advisable  to  take  for  these  values  the  mean  curve  given  in 
Fig.  24.  The  curve  in  this  figure  can  now  be  taken  as  fairly 
representing  the  steam  consumption  of  the  de  Laval  steam  turbine 
at  full  load,  for  any  rated  output  from  10  to  209  kilowatts,  at  an 
absolute  pressure  of  13  kilograms  and  86*6  per  cent,  vacuum,  with 
no  superheat. 

Half-Load  Steam  Consumption. 

The  steam  consumption  for  designs  of  various  rated  outputs 
has  now  been  found  for  full  load.  It  is  necessary  to  investigate 
the  matter  in  the  same  way  for  half  load.  Let  us  first  examine 
whether  the  curves  in  Figs.  20  to  23  can  be  taken  as  also 
corresponding  to  the  conditions  at  half  load.  The  first  step 
consists  in  ascertaining  whether  a  curve  showing  the  steam 
consumption  at  half  load  for  various  pressures  has  the  same  law 
as  the  corresponding  curve  for  full  load. 
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Table  XXIX.— Estimated  PsRCBNTAaE  Decrease  in  Steam  Consump- 
tion PER  Degree  Centigrade  of  Superheat. 


Name  of  Finn. 


Greenwood  &  Batley,  Leeds 
Greenwood  &  Batley,  Leeds 


Greenwood  &  Batley,  Leeds 
Soci^t^  De  Laval . 


Soci^t^  De  Laval . 
Humboldt  Co.      . 


8operbe«t 
In  negreei 
Centigrade. 


10"  C. 
Zl'T  C. 

es-s"  c. 


.w  c. 

80'' C. 
60"  C. 


Per  Cent. 
Decreaaein 

Steam 
Conramptloa. 


Per  Cent. 
DeoreaMper 

Degree 
Centigrade. 


4-0 
7-0 
9-5 


0-400 
0-186 

t 


8-0 
10-0 
6-75 


0146 

0160 

0-126 

0116 

For  this  purpose,  let  us  first  examine  the  results  of  the  tests 
of  a  19 '6  kilowatt  set  when  running  non-condensing  at  various 
pressures  as  set  forth  in  Table  XXV.,  under  reference  No.  II.  We 
find  the  following  values  for  the  steam  consumption  at  full  and 
half  load : — 

Table  XXX. 


AdmiMion  Pressure 

in  Absolute  Metric 

Atmospheres. 


3-5 
4-5 
6-3 

8-0 


steam  Consumption  j 

In  Kilograms  per 
Kilowatt-hour.     \^^^^oi  Half -Load  to 
;    Full-Load  Steam 
Consumption. 

^Load     Full  Load  I 


50 

42 

42 

36 

33 

29 

30 

27-7 

119 
117 
1-14 
1-08 


From  the  data  in  the  last  column  we  see  that  the  advantage 
gained  by  an  increase  of  admission  pressure  for  a  19*6  kilowatt 
set  running  non-condensing  is,  on  the  average,  so  far  as  this 
particular  test  shows,  somewhat  greater  at  half  load  than  at  full 
load.  Let  us,  however,  investigate  the  case  of  the  209  kilowatt 
set,  the  largest  size  manufactured.  For  this  purpose  we  have 
analysed  the  various  test  results  contained  in  Table  XXV.  for 
turbines  of   this  size,  and  have   therefrom  deduced   the  curves 
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A  and  B  of  Fig.  25,  showing  the  dependence  of  the  steam 
consumption  on  the  admission  pressure  when  running  condensing. 
The  ratio  of  the  values  in  curves  A  and  B  is  constant  at  1'14  for 
all  pressures  from  .10  to  17  absolute  metric  atmospheres.  The 
law  of  variation  of  steam  consumption  with  varying  pressure  is 
therefore,  for  this  case,  approximately  the  same  at  half  load  as  at 
full  load.  Now,  inasmuch  as  the  percentage  variation  of  steam 
consumption  per  per  cent,  variation  of  admission  pressure  is  in 
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Fio.  25.— Steam  Consumption  209  K.W.  De  Laval  Set. 

any  case  such  an  exceedingly  low  value,  it  is  evident  that  no  error 
of  consequence  will  be  introduced  by  using  at  half  load  the  same 
correction  curves  already  employed  at  full  load,  namely,  the  curves 
of  Fig.  21,  for  all  sizes  of  de  Laval  turbines,  in  spite  of  the  slight 
departure  from  this  relation  shown  by  the  tests  of  the  19*6 
kilowatt  set,  when  running  non-condensing  with  varying  admission 
pressure.    This  has  been  done  in  the  following  analysis. 


Varying  Vacua  at  Half  Load. 

The  next  step  is  to  ascertain  whether  we  may  also  use  at  half 
load  the  curve  in  Fig.  23  for  correcting  for  varying  vacua.     For 
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this  purpose  it  is  first  necessary  to  determine  the  consumption  of 
steam  at  half  load  for  various  sizes,  with  constant  pressure  and  no 
superheat,  and  running  non-condensing. 

The  corresponding  values  for  full  load  have  been  plotted  from 
the  data  in  Table  XXVI.  for  an  absolute  pressure  of  13  metric 
atmospheres,  and  give  us  curve  A  of  Fig.  26.  The  Humboldt 
Company  state  that  at  half  load  the  steam  consumption  is  about 
12  per  cent,  higher  than  at  full  load.  Even  should  this  percentile 
not  be  ex6ictly  right,  it  is  sufficiently  so  to  serve  the  present 
purpose.     Curve  B  of   Fig.  26  is  plotted  with  ordinates  12   per 
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{Refer  to  Tables  XXV.  and  XX VI.) 

cent,  greater  than  the  ordinates  of  curve  A  of  Fig.  26,  and  gives 
us  the  approximate  steam  consumption  of  the  various  sizes  at  half 
load,  13  absolute  metric  atmospheres  admission  pressure,  and 
running  non-condensing.  Curve  C  of  Fig.  26  has  been  deduced 
from  an  analysis  of  a  number  of  the  test  results  at  half  load  in 
Table  XXV.  By  a  comparison  of  curves  B  and  C  of  Fig.  26  we 
find  that  at  half  load  a  93  per  cent,  vacuum  reduces  the  steam 
consumption  of  all  sizes  to  some  56  per  cent,  of  the  consumption 
when  working  non-condensing.  From  a  comparison  of  the  four 
curves  given  in  Fig.  22  for  full  load,  we  find  that  the  corre- 
sponding percentage  reduction  already  ascertained  to  occur  at  full 
load   may,  for  practical  purposes,  be  taken  as  identical     Hence 
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we  may  employ  the  curves  of   Figs.   22   and    23    for    vacuum 
corrections,  not  only  at  full  load,  but  also  at  half  load. 

We  thus  find  that  it  is  practicable  to  use  the  data  of  the  set  of 
curves  of  Figs.  21,  22,  and  23,  corresponding  to  full  load,  for 
correcting  the  steam  consumption  for  various  pressures  and  vacua 
at  half  load.  We  can  now  at  once  derive  the  values  of  the  steam 
consumption  at  half  load  for  a  constant  absolute  pressure  of  13 
kilograms  and  86  "6  per  cent,  vacuum,  and  with  no  superheat.     This 
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has  been  done  with  the  values  given  in  Table  XXV.,  at  half  load, 
for  various  outputs,  and  the  corrected  values  are  shown  in  the 
appropriate  section  of  Table  XXVIII.,  and  are  plotted  in  Fig.  27. 
From  the  curve  of  this  figure  we  can  find  the  steam  consumption 
at  half  load  for  sizes  from  10  to  209  kilowatts,  at  the  specified 
pressure  and  vacuum. 


Quarter-Load  Steam  Consumption. 

The  same  method  of  investigation  has  been  carried  out  in  the 
case  of  the  quarterJoad  values.      From  the  curves  of  Fig.  28  it 
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will  be  seen  that  for  a  19*6  kilowatt  set  the  conditions  are 
approximately  the  same  as  at  half  load,  so  far  as  relates  to  the 
rate  of  variation  in  steam  consumption  as  a  function  of  the 
admission  pressure,  the  ratio  of  the  values  in  curve  A,  repre- 
senting one-quarter  load,  to  those  in  curve  B,  representing  full 
load,  ranging  from  1*50  at  a  pressure  of  4  absolute  metric  atmo- 
spheres, to  1-38  at  12  metric  atmospheres.  The  rate  of  increase  in 
steam  consumption  with  varying  pressures  is  taken  as  remaining 
fairly  constant  at  full,  half,  and  quarter  loads,  throughout  a  wide 
range  of  mean  pressures.    The  curves  of  Fig.   29,   which  have 
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I 


been  constructed  in  order  to  investigate  the  eflfect  of  varying 
vacua  at  quarter  load,  have  been  derived  in  exactly  the  same  way 
as  those  in  Fig.  26;  but  instead  of  taking  12  per  cent,  increase 
in  steam  consumption  above  that  at  full  load,  as  guaranteed  for 
the  half  load  value,  we  have  taken  25  per  cent,  as  representing 
the  increase  at  quarter  load,  this  beii^  the  percentage  quoted  by 
the  Humboldt  Company. 

The  ratio  of  the  values  in  curves  C  and  B  of  Fig.  29  is  fairly 
constant  for  all  sizes,  and  has  a  mean  value  of  about  0*56.  That 
is  to  say,  a  93  per  cent,  vacuum  decreases  the  steam  consumption 
at  quarter  loads  to  about  56  per  cent,  of  the  steam  consumption 
when   running   non-condensing,  the  admission  pressure  being  13 
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absolute  metric  atmospheres  in  both  cases.  This  is  about  the 
same  percentage  decrease  already  obtained  at  full  load  and  half 
load. 

From  all  these  results  it  is  evident  that  we  may  use  the  same 
curves  for  correcting  the  quarter  load  values  of  steam  consump- 
tion as  have  been  used  for  both  full  and  half  load  values.  The 
steam  consumptions  taken  from  Table  XXV.  for  quarter  load,  after 
being  corrected  to  a  constant  absolute  pressure  of  13  kilograms 
and  an  86*6  per  cent,  vacuum,  with  no  superheat,  are  to  be  found 
in   the   appropriate   section   of   Table   XXVIII.,  and   the  curve 
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representing  these  values  is  shown  in  Fig.  30,  which  can  be  used 
for  finding  the  steam  consumption  at  quarter  load  for  13 
kilograms  absolute  pressure  and  an  86*6  per  cent  vacuum,  with 
no  superheat. 

Although  it  is  only  roughly  correct  to  take  the  rate  of 
increase  in  steam  consumption  with  decrease  in  pressure  at 
half  and  quarter  load,  the  same  as  at  full  load,  nevertheless  the 
range  of  pressures  over  which  we  have  applied  the  corrections 
is,  in  most  instances,  not  great,  and  the  error  thereby  introduced 
in  the  final  average  results  is  certainly  too  small  to  be  of  practical 
consequence.    This  also  applies  to  the  case  of  the  rate  of  change 
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in  consumption  due  to  variation  in  vacuum.  Should  a  de  Laval 
turbine  be  operated  with  all  the  nozzles  open  at  all  loads,  the  effect 
of  increasing  pressure  would  doubtless  be  to  further  increase  the 
steam  consumption  at  light  loads. 


Effect  of  Supbrhbat  on  Steam  Consumpiion. 
The  question   of  superheat  has,  up  to  the  present,  not  been 
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touched  upon.  In  order  to  arrive  at  representative  values  for  the 
gain  in  economy  for  the  de  I^val  turbine  due  to  a  moderate 
degree  of  superheat,  we  have  shown  in  Table  XXIX.  the  percentage 
gain  in  economy  as  estimated  by  various  firms  manufacturing  this 
type  of  turbine,  and  the  means  of  those  values  have  been  employed 
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in  deducing  the  cui-ve  of  Fig.  31.  From  this  curve  we  can 
estimate  the  percentage  gain  in  economy  per  degree  Cent,  increase 
in  superheat. 

The  curves  of  Figs.  24,  27,  and  30,  which  show  the  steam 
consumption  of  the  de  Laval  steam  turbine  at  full,  half,  and 
quarter  loads,  at  a  constant  absolute  pressure  of  13  kilograms  and 
an  86*6  per  cent,  vacuum,  have  been  employed  as  the  basis  from 
which  we  have  deduced  the  steam  consumption  with  a  superheat 
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of  50°  Cent,  and  the  results  are  plotted  in  curves  A,  B,  and  C  of 
Fig.  32.  As  the  steam  consumption  for  auxiliaries  is  only 
included  in  one  of  the  tests  analysed,  the  results  in  Fig.  32  are 
to  be  taken  as  representing  the  consumption  exclusive  of 
auxiliaries. 

In  Table  XXVIII.,  column  B,  will  be  found  the  steam  consump- 
tion values  taken  from  Table  XXV.,  and  transformed  to  a  constant 
absolute  pressure  of  13  kilograms  per  square  centimetre,  and  an 
866  per  cent,  vacuum,  with  a  superheat  of  50  Cent.,  at  full,  half, 
and  quarter  loads. 
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In  Fig.  33  are  shown  for  an  absolute  pressure  of  13  kilograms 
and  86*6  per  cent,  vacuum  and  a  superheat  of  50°  Cent.,  for  the 
entire  range  of  rated  capacities,  the  percentages  by  which  the 
steam  consumption  at  half  load  and  quarter  load  exceed  the  steam 
consumption  at  full  load.  It  is  evident  from  the  curves  that  for 
all  but  the  smaller  sizes,  the  steam  consumption  at  half  load 
exceeds  that  at  full  load  by  from  10  per  cent,  to  12  per  cent.,  and 
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the  steam  consumption  at  quarter  load  exceeds  that  at  full  load 
by  some  26  per  cent.  The  percentages  only  apply  when  the 
number  of  nozzles  opened  is  varied  by  hand  in  proportion  to  the 
load.  In  reference  No.  I.  of  Table  XXV.  is  given  the  record  of  a 
test  on  a  19*6  kilowatt  generating  set  by  Lea  and  Meden,in  which 
all  the  nozzles  remained  open  at  all  loads.  The  results,  reduced 
to  an  admission  pressure  of  13  atmospheres,  a  vacuum  of  86*6  per 
cent,  and  50°  Cent,  of  superheat,  are  plotted  in  Fig.  34,  together 
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with  the  corresponding  results  when  the  number  of  nozzles  opened 
is  changed  in  proportion  to  the  load.  In  the  case  where  all  the 
nozzles  are  open  at  all  loads,  it  is  seen  that  the  steam  consumption 
at  half  load  exceeds  the  full  load  steam  consumption  by  38  per 
cent,  as  against  only  18  per  cent,  when  the  number  of  nozzles 
opened  is  in  proportion  to  the  load.  Inasmuch  as  the  de  Laval 
turbines  are  not  provided  with  any  automatic  arrangements  for 
changing  the  number  of  nozzles  opened  as  the  load  changes,  it  is 
not  altogether  right  that  the  type  should  have  the  credit  of  giving 
such  low  results  for  steam  consumption  at  light  loads  as  are 
obtained  by  closing  the  nozzles  as  the  load  decreases. 

The  Internal  Losses  in  the  de  Laval  Turbine. 

A  list  of  these  losses  has  been  given  on  p.  33. 

I.  Nozzle  Losses.— Could  the  steam  be  expanded  in  a 
diverging  nozzle  to  the  desired  pressure  without  any  friction  or 
other  losses,  all  the  available  energy  would  be  transformed  into 
kinetic  energy,  i.e.  the  steam  would  flow  out  with  a  speed  which 
can  be  calculated  from  the  following  formula :  ^ — 

Speed  iu  metres  per  second  =  4*44  available  energy 
in  kil(^rammetres. 

There  are,  however,  losses  due  to  the  friction  of  the  steam 
against  the  inner  surface  of  the  nozzle,  and  most  probably  also 
due  to  the  formation  of  eddies  and  whirls.  It  is  customary  to 
indicate  these  losses  by  stating  the  corresponding  percentage 
decrease  in  speed.  For  correctly  designed  de  Laval  nozzles,  the 
speed  reduction  due  to  nozzle  friction  generally  varies  between 
5  per  cent,  and  8  per  cent.  The  corresponding  losses  of  energy 
are  therefoi^  between  10  and  16  per  cent.  Delaporte*  found  the 
exceptionally  low  value  of  2*6  per  cent,  decrease  of  speed.  Of 
course  the  above  average  losses  refer  only  to  coiTectly  designed 
nozzles.  It  is  clear  that  a  nozzle  can  be  correctly  proportioned 
only  for  a  given  amount  of  steam  passing  through  it  and  for  given 
conditions  as  to  admission  and  exhaust  pressure.  In  all  cases 
where  a  nozzle  is  used  under  different  conditions  from  those  for 
which  it  is  designed,  the  losses  will  be  higher.  Any  change  in 
the  admission  pressure  or  in  the  exhaust  pressure  has  a  great 
influence  on  the  efiBciency  of  the  nozzle,  or  on  the  shape  of  the 

*  This  formula  is  derived  from  the  formula  for  kinetic  energy  on  p.  28. 
•^  Delaporte,  Eevue  de  M^caniqu^,  1902,  p.  406. 
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nozzle  if  properly  designed.  For  instance,  it  has  been  shown  ^ 
that  if  the  back  pressure  is  as  high  as  58  per  cent,  of  the  admission 
pressure  of  saturated  steam,  the  nozzle  ought  not  to  be  enlarged 
conically,  but  whenever  the  back  pressure  is  less  than  58  per  cent, 
of  the  admission  pressure,  the  nozzle  should  be  enlarged,  and  the 
ratio  of  the  cross  section  of  the  nozzle  at  the  end  to  the  cross 
section  at  the  narrowest  point  mainly  depends  upon  the  ratio  of 
the  admission  pressure  to  the  exhaust  pressure.     In  Table  XXXI. 

Table  XXXI. — Designing  Data  for  Diverging  Nozzles. 
Po= initial  pressure. 

p  =  pressure  at  end  of  nozzle  (i.e.,  the  back  pressure), 
d  =  diameter  of  bore  at  end. 
dm= minimum  diameter. 
w= speed  at  end  of  nozzle. 
Wm= speed  at  minimum  cross  section. 


Po 

d 

p 

^ 

1-73 

1 

2 

101 

4 

116 

6 

1-31 

8 

1-44 

10 

1-56 

20 

1-99 

50 

2-83 

eo 

303 

70 

3-22 

80 

3-40 

90 

3-56 

100 

3-72 

I 


w 

Wm 
I 

112 
1-66 
1-74 
1-86 
1-92 
2-18 
2-43 
2-47 
2-61 
2-64 
2-66 
2-68 


the  relations  between  these  two  ratios  are  given  in  columns  I  and 
II.  In  column  III  are  given  the  corresponding  values  of  the 
ratio  of  the  speed  of  the  steam  at  the  end  of  the  nozzle  to  the 
speed  at  the  most  contracted  point  of  the  nozzle. 

From  this  table  Biichner  draws  some  very  interesting  con- 
clusions which  clearly  indicate  the  occurrences  when  a  given 
nozzle  is  employed  with  different  pressures. 

Let  it  be  assumed  that  a  nozzle  is  employed  of  the  correct 
shape  for  use  with  saturated  steam  and  an  absolute  admission 
pressure  of  10  kilograms  per  square  centimetre,  the  back  pressure 

*  Biichner,  "Experiments  on  de  Laval  Steam  Turbine  Valves,"  ZeUschr. 
d,  V.  Deut9<^  Ing,y  July  9th,  1904,  xlviii.  pp.  1029-1036,  and  July  23rd,  1904, 
pp.  1097-1103. 
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being  1  kilogram  per  square  centimetre.  From  Table  XXXI.  we  find 
that  the  diameter  at  the  end  of  the  nozzle  should  in  this  case  be 
56  per  cent,  larger  than  at  the  narrowest  point.  For  this  case, 
let  us  assume  that  the  pressure  at  any  point  of  the  nozzle  has  been 
calculated  or  found  by  experiment.  If  we  use  the  same  nozzle  for 
a  20  per  cent,  greater  admission  pressure  without  altering  the 
back  pressure,  then  the  pressure  at  any  point  of  the  tube  ¥rill  be 
20  per  cent,  greater  than  before.  As  the  speed  of  the  steam 
remains  practically  constant  (one-half  of  one  per  cent,  increase), 
the  degree  of  wetness  also  remains  practically  constant.  The 
mechanical  energy  imparted  to  the.  steam  has  therefore  remained 
practically  the  same  (only  one  per  cent,  increase),  while  with 
another  nozzle  of  suitable  design  for  this  greater  pressure,  the 
increase  in  mechanical  energy  would  have  amounted  to  approxi- 
mately 16  per  cent. 

Very  peculiar  phenomena  occur  when,  with  a  given  nozzle, 
the  admission  pressure  is  reduced  below  the  most  favourable  value. 
Theoretically,  the  pressure  at  each  point  of  the  tube  should  then 
decrease  in  the  same  ratio,  i,e.  the  steam  should  expand  to  a 
pressure  lower  than  the  back  pressure,  so  that  on  leaving  the 
nozzle  the  steam  would  again  be  compressed. 

There  are,  however,  not  yet  available  the  results  of  sufficiently 
exhaustive  tests  to  permit  of  deducing  the  losses  due  to  such 
decrease  in  admission  pressure.  It  is,  however,  clear  that  any 
reduction  in  the  pressure  caused  by  throttling  must  be  accom- 
panied by  a  loss,  in  so  far  as  energy  capable  of  being  converted 
into  mechanical  energy  is  transformed  into  heat  by  losses  taking 
place  in  the  nozzle. 

II.  Losses  due  to  Leakage  between  Nozzles  and  Vanes. 
— The  leakage  losses  can  be  taken  proportional  to  the  difference 
of  pressure  between  the  end  of  the  nozzle  and  that  at  the  entrance 
to  the  vanes,  and  to  the  clearance  between  the  nozzle  and  the 
vanes.  As  in  the  de  Laval  turbine  the  difference  of  pressure  is 
very  small,  the  leakage  losses  should  also  be  very  small,  or  possibly 
even  negligible. 

III.  Losses  due  to  Radiation  from  the  Turbine  Casing. 
— These  losses  are  comparatively  small.  They  are  proportional 
to  the  difference  between  the  temperature  of  the  turbine  casing 
and  that  of  the  surrounding  atmosphere  and  to  the  surface  of  the 
casing.  It  would,  however,  be  erroneous  to  conclude  that  the 
losses  thus  occasioned  are  direct  losses,  and  as  such  are  to  be 
subtracted  from  the  mechanical  energy  available.    This  may  occur 


THE  DE  LAVAL   TURBINE  71 

in  soiue  cases,  but  generally  the  mechanical  eneigy  available  is 
only  diminished  to  the  extent  of  a  small  part  of  these  losses. 

This  will  be  readily  understood  when  we  remember  that  the 
total  of  the  losses  in  the  turbine  itself  tends  to  increase  the 
temperature  of  the  steam.  The  steam  may  even  leave  the  turbine 
with  some  superheat.  If  now,  during  the  passage  through  the 
turbine,  some  heat  is  lost  through  radiation  from  the  casing,  the 
actual  loss  in  mechanical  energy  is  very  small,  with  the  result 
that  the  steam,  when  leaving,  simply  has  a  somewhat  lower 
temperature. 

IV.  Loss  due  to  the  Friction  of  the  Turbine  Wheel 
Bevolviiigin  the  Steam. — ^This  loss  is  considerable  in  a  non- 
condensing  turbine,  but  rapidly  decreases  with  increasing  vacuum, 
and,  for  a  given  vacuum,  decreases  with  increasing  degree  of 
superheat 

At  the  high  peripheral  speeds  often  necessary  in  the  rotors  of 
steam  turbines  of  certain  types,  the  losses  due  to  the  resistance  of 
the  revolving  wheel  amount  to  a  considerable  percentage  of  the 
total  input  to  the  turbine.  The  various  factors  which  exert  an 
influence  on  this  loss  can  best.be  discussed  in  the  light  of  the 
test  results  obtained  by  Lewicki  ^  on  a  30  horse-power  de  Laval 
steam  turbine. 

An  electric  motor  was  used  for  driving  the  turbine  wheel, 
which  was  run  in  steam  of  various  pressures  and  degrees  of  super- 
heat, and  in  air.  In  order  to  separate  the  bearing  and  gear  losses 
from  the  wheel  losses,  the  turbine  wheel  was  removed  at  one  stage 
of  the  tests  and  a  determination  of  the  power  necessary  to  drive 
the  shaft  and  gearing  was  made.  This  is  given  as  a  function  of 
the  speed  in  curve  I  of  Fig.  35.  In  curves  II  and  III  are  given 
the  corresponding  values  with  the  wheel  revolving  in  saturated 
steam  at  an  absolute  pressure  of  1  kiIogi*am  per  square  centimetre, 
and  in  air  at  tlie  same  pressure  and  at  a  temperature  of  30°  Cent. 
The  difference  between  the  last  two  curves  and  curve  I  represents 
the  loss  due  to  the  wheel  resistance,  as  it  may  be  assumed  with 
sufficient  certainty  that  the  weight  of  the  turbine  wheel  itself 
would  not  alter  the  bearing  losses  to  any  considerable  extent. 
These  curves  are  given  in  Fig.  36.  One  sees  at  a  glance  that  the 
wheel  friction  loss  does  not  vary  proportionally  to  the  speed,  but 
at  a  far  higher  rate.     A  closer  examination  shows  that  it  varies 

*  Lewicki,  "Die  Anwendung  holier  UeberhitzAing  beiin  BeLrieb  von 
Dampftiirbinen,"  Zeit,  des  Vereines  Deutscher  Ingenieuref  March  28th,  1903 
p.  4d2. 
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roughly  as  the  3rd  power  of  the  speed.  It  has  been  confirmed 
by  several  other  experimenters  that  the  power  lies  between  2  8 
and  3'5.  This  loss  has  a  great  resemblance  to  the  windage  loss  in 
dynamos,  and  also  to  train  resistance  at  high  speeds.     For  a  very 
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large  alternator,  one  of  the  authors  recently  found  the  windage 
loss  varied  approximately  as  the  3'5th  power,  but  this  may  have 
Ijeen  due  to  the  very  excessive  vibrations  existing  at  the  extremely 
high  speeds  at  which  it  was  run  for  the  purposes  of  the  test.  The 
train  resistance  due  to  wind  friction  is  generally  assumed  to  be 
proportional  to  the  ^  power,  therefore  the  loss  is  proportional  to 
the  2*7  power.  As  an  average  the  3rd  power  seems  to  give  a  fair 
agreement  with  most  of  the  test  results. 
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Judging  from  Fig.  36,  air  at  SO**  Cent.,  and  at  absolute 
pressure  of  one  metric  atmosphere,  causes  a  35  per  cent,  to  40  per 
cent,  greater  loss  than  saturated  steam  at  the  same  pressure. 

In  Fig.  37  the  influence  of  superheat  on  the  wheel  losses  is 
shown  for  an  absolute  pressure  of  1  kilogram  per  square  centi- 
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metre,   and   also   for  an   absolute   pressure  of  0*4  kilogram  per 
square  centimetre. 

With  the  exception  of  a  small  part  of  the  left-hand  end  of  the 
curves,  the  losses  seem  to  decrease  proportionately  to  the  increase 
of  superheat.  The  sudden  increase  near  saturation  is  most 
probably  due  to  the  presence  of  water  in  the  steam,  and  the 
avoidance  of  wetness  thus  forms  one  of  the  principal  advantages 
obtained  by  the  employment  of  superheat.  The  dotted  lines 
represent  the  specific  weight  of  the  steam,  and  the  close  agreement 
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which  exists  between  the  losses  and  the  specific  weight  seems  to 
indicate  that  the  wheel  losses  are  approximately  proportional  to 
the  specific  weight 

In  Fig.  38  the  influence  of  pressure  on  the  friction  loss  is 
clearly  shown.  The  range  is  from  0*4  to  1  kilogram  per  square 
centimetre.  In  this  case  the  values  are  also  approximately  pro- 
portional to  the  specific  weight.^  In  comparing  the  losses  for 
different  media,  this  relation  no  longer  holds  good.     For  instance, 
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in  Fig.  36  the  losses  for  air  and  saturated  steam  differ  roughly 
in  the  ratio  1*4 : 1.  The  specific  weight  for  the  same  conditions 
varies,  however,  in  the  ratio  1*165 :0"587  (ie.  as  2:1),  and  hence 
the  wheel  losses  have  not  increased  at  nearly  so  great  a  rate  as  the 
specific  weights. 

In  order  to  apply  these  and  other  results  at  once  to  turbines 

*  Tlie  weight  of  one  cubic  metre  of  saturated  steam  is  (according  to 
Zeuner,  Tech,  Thermodynamik—¥e\ix,  Leipzig,  1901— vol.  ii.  p.  37)  equal  to 
0588  p.  ®'^®  Kg.,  but  for  any  particular  case  it  is  more  convenient  to  take  it 
from  the  steam  tables.  For  superheated  steam  the  volume  in  cubic  metres  of 
1  kilogram  of  steam  can  be  found  from  the  expression 

Volumes  47-1  X  (absolute  temperature)  ^q^qiq^ 

Abs.  pressure  in  kilogram  j)er  sq.  metre 
This  ai>plies  to  temperatures  not  far  from  saturation,  according  to  Tumlirz 
(see  Chap.  XIII.). 
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of  difTerent  dimensions,  Stodola  has  proposed  to  take  these  wheel 
losses  as  being  proportional  to  the  square  of  the  diameter,  the 
third  power  of  the  peripheral  speed,  and  the  specific  weight 
of  the  medium.  It  seems,  however,  that  the  influence  of  the 
diameter  has  been  overestimated  by  Stodola,  as  this  formula  gives, 
for  very  large  diameters,  considerably  too  high  values.  For 
instance,  Porte  ^  remarks  that  a  150  horse-power  de  Laval  turbine 
absorbed   35   horse-power  at  no  load  when  revolving  at  normal 
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speed  in  steam  at  atmospheric  pressure,  and  2-33  horse-power 
when  revolving  at  the  same  speed  in  a  vacuum  of  28  inches 
(93'3  per  cent,  vacuum).  The  150  horse-power  de  Laval  turbine 
has  a  diameter  of  55  centimetres  and  a  peripheral  speed  of  330 
metres  per  second.  The  30  horse-power  de  Laval  turbine  tesle«J 
by  Lewicki  had  a  diameter  of  20  centimetres  and  a  peripheral 
speed  of  210  metres  per  second.  According  to  Stodola,  the  wheel 
losses  of  the  150  horse-power  turbine  would  have  to  be  29  times  ^ 

*  Porte,  "  Steam  Turbines,"  Jmimal  Inst.  EUdrical  Engineers,  vol.  xxxiii. 
p.  887,  February  11th,  1904. 
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larger  than  in  the  30  horse-power  turbine  under  equivalent  con- 
ditions. The  tests  give,  however,  a  ratio  of  only  35:3'3  =  10'5. 
It  seems  considerably  more  probable  that  the  wheel  losses  are 
proportional  to  the  expression 

Diameter  '  x  (peripheral  speed)  *  x  specific  weight  of  medium, 
and  that  the  value  of  x  lies  between  1*0  and  1-5. 

In  the  150  hoi*se-power  test,  the  specific  weight  also  had  a 
proportional  influence,  namely, 

Specific  weight  at  1  atmosphere      _  0*587  _  ^ « 
Specific  weight  with  28-inch  vacuum     0045 

Losses  at  atmospheric  pressure  _  35  _  -  p. 
Losses  at  vacuum  of  28  inches  ~  2*33  ~ 

Considering  the  extreme  range,  these  results  are  in  excellent 
agreement.  It  must,  however,  not  be  thought  that  the  losses 
measured  when  the  turbine  is  driven  in  a  stagnant  medium  are 
the  same  as  those  occurring  during  actual  conditions  of  operation 
at  full  load.  The  conditions  for  these  two  cases  offer  so  many 
striking  differences  that  it  would  be  a  mere  coincidence  were  the 
losses  to  be  the  same  in  both  cases.  At  full  load  a  part  of  the 
vanes  are  filled  by  the  steam  flowing  from  the  nozzles  over  the 
vanes  and  then  onward  to  the  condenser.  Therefore  the  conditions 
would  be  similar  to  those  in  a  test  with  stagnant  steam  only 
betwe^  two  adjacent  nozzles.  This  has  also  been  shown  experi- 
mentally, as  described  in  Stodola's  treatise,  8rd  edition,  pp.  131, 132. 
By  increasing  the  number  of  nozzles,  Lasche  ^  found  considerable 
decrease  in  the  losses,  which  can  be  explained  by  the  decrease  in 
the  friction  of  those  vanes  filled  at  any  moment  with  stagnant 
steam. 

A  second  reason  why  the  wheel  losses  at  full  load  should  be 
different  from  the  losses  observed  with  stagnant  steam  lies  in  the 
fact*  that  the  wheel  losses  entail  a  conversion  of  mechanical 
energy  into  heat.  At  full  load  a  part  of  the  heat  is,  however, 
reconverted  into  mechanical  energy,  as  it  has  heated  the  vanes, 
and  these  give  back  the  heat  to  the  useful  stiCam.  The  percentage 
of  the  losses  recovered  stands  in  a  certain  ratio  to  the  percentage 
of  total  heat  convertible  into  mechanical  energy.  That  is  to  say, 
the  higher  the  pressure,  the  lower  the  vacuum ;  and  the  higher  the 
superheat,  the  higher  will  be  the  percentage  of  the  wheel  losses, 
which  may  be  again  converted  into  mechanical  energy.     Boughly 

^  Stodola,  Die  Dampflurhinen^  Si-d  edition,  pp.  130  and  131. 
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speaking,  this  percentage  in  practical  cases  varies  between  15  per 
cent  and  25  per  cent. 

V.  Losses  due  to  the  Friction  of  the  Steam  travelling 
over  the  Vanes. — The  losses  in  the  steam  when  travelling  over 
the  vanes  are  entirely  different  from  the  losses  due  to  the 
resistance  of  the  turbine  wheel  rotating  in  the  steam.  The  latter 
losses  entail  a  conversion  into  heat  of  mechanical  energy  of  the 
wheel.  The  former  losses  involve  a  decrease  in  the  speed  of  the 
steam,  and  therefore  a  conversion  of  the  mechanical  energy  of  the 
steam  into  heat.  Both  losses,  however,  share  in  common  the 
feature  that  the  heat  they  occasion  is  not  entirely  lost,  but  serves 
to  increase  the  temperature  and  energy  of  the  steam,  and  thus  allows 
of  partial  recovery.  These  losses  are  by  far  the  largest  of  all  other 
components  of  the  total  internal  loss. 

Suppose  that  the  steam  at  the  moment  of  impact  moves  along 
the  vanes  with  a  speed  of  800  metres  per  second.  Then,  theoreti- 
cally, the  steam  on  leaving  the  vanes  should  still  have  a  speed  of 
800  metres  per  second.  It  is,  however,  found  that  the  speed  is, 
say,  only  600  metres  per  second.  A  good  explanation  of  all  the 
factors  causing  this  very  considerable  decrease  has  not  yet  been 
given,  but  it  is  generally  assumed  that  the  steam  within  the  vanes 
may  set  up  whirls  and  eddies,  to  reduce  which  the  only  means 
seems  to  be  to  increase  the  number  of  vanes  per  centimetre  of 
periphery.  The  loss  in  energy  due  to  the  decrease  of  the  speed 
from  800  to  600  metres  per  second  can  be  easily  calculated.  A 
kilogram  of  steam  travelling  with  a  speed  of  800  metres  per 
second  has  a  kinetic  energy  of 

-JL-X  800*  =  32,500  kilogrammetres, 
2  X  9*8 

and  at  600  metres  per  second  a  kinetic  energy  of 

•*•      X  600*=  18,400  kilogrammetres. 

The  total  loss  is  therefore 

32,500  - 18,400  =  14,100  kilogrammetres 
=  33  kilogram-calories. 

The  decrease  of  the  speed  generally  amounts  to  from  15  to  25 
per  cent,  though  there  may  be  exceptional  cases,  especially  for 
low  speeds,  in  which  the  percentage  decrease  is  somewhat 
smaller. 

It  must  be  clearly  understood  that  the  speed  with  which  the 
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steam  flows  over  the  vanes  is  altogether  diflferent  from  the  absolute 
speed  of  the  steam,  which,  of  course,  depends  upon  the  peripheral 
speed  of  the  turbine  and  upon  the  curvature  of  the  vanes.  The 
absolute  energy  taken  from  the  steam  should  be  calculated  as 
before,  but  by  taking  the  absolute  speeds  of  the  steam  the 
difference  between  these  two  results  would  give  the  energy  converted 
into  mechanical  energy. 

VI.  Losses  due  to  Bearing  Friction. — Some  idea  of  the 
magnitude  of  these  losses  in  a  de  Laval  turbine  may  be  gathered 
from  a  consideration  of  curve  III  of  Fig.  35,  which  shows  the 
losses  in  the  bearings  and  gearing  of  a  30  horse-power  motor 
investigated  by  Lewicki.  These  investigations  have  been  described 
in  the  preceding  section.  An  examination  of  the  curve  indicates 
that  the  bearing  and  gearing  loss  is  some  7  "5  per  cent,  of  the  rated 
full-load  output. 

For  a  200  horse-power  de  Laval  turbine,  Delaporte  *  assumes 
about  2*5  horse-power  bearing  loss. 

VII.  Loss  in  Speed-reduction  Grearing. — This  is  very 
dependent  upon  the  workmanship  employed  in  the  manufacture  of 
the  gearing.  It  is,  nevertheless,  of  relatively  large  amount,  and 
may  be  taken  as  at  least  5  per  cent,  in  gears  in  good  condition. 
It  doubtless  runs  well  up  towards  10  per  cent,  in  moderately  worn 
gears,  and  hence  is  a  leading  cause  of  any  slight  increase  of  steam 
consumption  which  probably  generally  occurs  in  the  course  of  time 
in  steam  turbines.  Thus  Niethaminer^  refers  to  a  200  horse- 
power (140  K.W.)  de  Laval  turbine  as  having,  when  new,  a  steam 
consumption  of  9*7  kilograms  per  H.P.H.,  with  a  vacuum  of  71 
cms. ,  as  against  a  steam  consumption  after  five  years  of  service 
of  101  kilograms  per  H.P.H.,  with  a  64  cul  vacuum  and 
(presumably)  the  same  admission  pressure  and  temperature  in 
both  cases.  These  figures,  however,  reduced  to  the  same  vacuum, 
show  a  deterioration  of  only  about  2  per  cent. 

Wear  of  Vanes  or  Buckets. — Deterioration  is  also  stated  to 
occur  as  a  consequence  of  wear  of  the  vanes  or  "  buckets."  In  this 
connection  the  following  quotation  from  Lea  and  Meden's  paper, 
"  The  de  Laval  Steam  Turbine,"  ^  is  not  without  interest : — 

**  It  might  be  interesting  to  touch  on  the  practical  difficulties 

*  Delajjorte,  Rerit^  de  MecaniqxLe,  1902,  s.  406. 

-  Die  Dampfturhinenf  page  104. 

3  Paper  by  Lea  and  Meden,  entitled  "  Tlie  de  Laval  Steam  Turbine,"  pre- 
sented at  the  Cliicago  meeting  (May  and  June  1904)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  vol.  xxv.-of  the  Tranaactions, 
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which  the  de  Laval  steam  turbine,  like  any  other  radically  new 
machine,  was  compelled  to  meet,  after  it  bad  been  put  on  the 
market.     The  turbine  naturally  had  its  troubles  from  defects  due 
to  faulty  workmanship  and  material,  but  these  have  been  remedied. 
There  have  been  troubles  with  bearings  becoming  overheated.    This 
was  partly  due  to  faulty  workmanship,  but  in  many  cases  it  can  be 
ascribed  to  the  lubrication,  either  to  failure  in  keeping  the  oil 
reservoir  filled,  or  else   to   the  sight-feed  lubricators,  which  in 
themselves  might  have  caused  trouble.     As  more  macbioes  have 
been  put  on  the  market,  they  have  become  more  fully  understood, 
and  are  therefore  receiving  better  attention ;  consequently  these 
troubles  have  been  gradually  reduced.     Furthermore,  there  has 
been  trouble  with  the  buckets.     It  has  sometimes  happened  that 
one  or  more  of  the  buckets  have   broken  and  come  out  of  the 
turbine  wheel,  but  without  doing  any  further  damage.     Generally, 
the  turbine,  after  losing  a  bucket,  can  be  continued  in  operation, 
as   the  turbine  shaft  is  sufficiently   flexible  to  take  care  of  the 
unbalancing,  though  it  is  best  to  take  out  the  turbine  wheel  and 
replace  the  buckets.     The  only  explanation   of  these  troubles  is 
that  the  buckets  are  subjected  to  vibratory  strains  of  more  or  less 
unknown  origin,  as  their  ability  to  withstand  centrifugal  force  and 
the  action  of  the  steam  jet  is  amply  sufficient.     In  the  smaller  sizes, 
below  100  horse-power,  broken  buckets  have  been  very  rare.     In 
the  larger  sizes  it  has  been  sorpewhat  more  frequent.    Although  the 
causes  of  bucket  breakage  are  not  yet  accurately  determined,  it  has 
been  possible  to  remedy  the  trouble  where  it  has  occurred.     One 
cause  of  the  undue  vibrations  of  the  buckets  may  have  its  source 
in  the  turbine  wheel  itself,  which,  if  not  homogeneous,  will,  under 
action  of  the  centrifugal  force,  expand  unevenly  in  different  direc- 
tions, thereby  unbalancing  and  causing  vibration  of  the  wheel  at 
full  speed.    This  trouble  has  been  overcome  by  replacing  the  wheel. 
The  buckets  are  also  subject  to  more  or  less  wear,  due  to  the  action 
of  the   steam.     The  cause  of  this  is  also  very  difficult  to  deter- 
mine.    It  may  be   that  the  buckets  are  chemically  affected  and 
that  thin  films  of  oxide  are  blown  away  by  the  steam,  or  it  may  be 
caused  by  mechanical  wear  due  to  small  solid  particles  coming 
with  the  steam,  such  as  rust  or  scale  from  the  pipes.     It  may  also 
be  due  to  some  electrical  phenomena.     However  this  may  be,  it  is 
a  fact  that  wear  takes  place,  and  it  is  very  doubtful  that  it  can  be 
entirely  prevented.     It  has  been  found  in  a  few  cases  that  buckets 
have  been  worn  out  in  a  year,  necessitating  replacement.     In  other 
cases  the  wear  has  been  very  slight,  even  after  a  run  of  four  or 
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five  year8.^,^The  wear  affects  only  the  steam  inlet  side  of  the 
buckets,  and  will  only  increase  the  steam  consumption  to  a  slight 
degree.  In  tests  made  on  a  turbine  of  100  horse-power,  where  the 
edge  of  the  buckets  had  been  worn  away  about  one-sixteenth  of  an 
inch,  the  steam  consumption  was  about  5  per  cent,  higher  than 
with  new  buckets.  The  wheel  and  buckets  are,  however,  so 
designed  that  an  insertion  of  a  new  set  of  buckets  can  be  easily 
made  at  a  small  cost." 

Curve  III  of  Fig.  35  shows  the  value  of  the  loss  in  bearings  and 
gearing  for  a  30  horse-power  de  Laval  turbine.  Delaporte  *  esti- 
mates the  gearing  losses  of  a  200  horse-power  de  Laval  turbine 
at  as  low  as  1  per  cent.,  whilst  the  gearing  and  bearing  friction 
combined  of  a  300  horse-power  de  Laval  turbine  in  good  condition 
should,  in  his  opinion,  be  roughly  taken  as  3  per  cent. 

VIII.  Losses  in  Dynamo. — These  may  be  obtained  from  the 
eflBciency  curves  already  given  in  Figs.  16  to  19,  from  which  it 
is  seen  that  at  full  load  they  range  about  7  per  cent,  of  the  output 
in  the  largest  size  (209  K.W.  dynamo  coupled  to  300  horse-power 
turbine),  up  to  some  15  per  cent,  in  a  10  K.W.  size.  At  one- 
quarter  load  the  dynamo  losses  range  from  some  18  percent,  of  the 
output  in  a  209  K.W.  size,  down  to  some  30  per  cent,  in  a  10 
K.W.  size.  It  is  important  that  the  extent  of  these  losses  at  light 
loads  in  small  sizes  should  be  realised,  for  in  the  case  of  an 
electric  generating  set  in  which  the  load  fluctuates  so  widely  that 
the  average  load  is  but  a  small  percentage  of  the  rated  load,  a 
higher  "all-day**  economy  would  be  obtained  by  a  dynamo 
especially  designed  to  have  high  efliciency  at  light  loads,  even  at 
the  sacrifice  of  a  few  per  cent,  in  the  full-load  efficiency. 

IX.  Losses  due  to  Residual  E[inetic  Energy  in  the 
Steam  passing  to  the  Condenser. — The  steam  passes  to  the 
condenser  still  possessed  of  a  considerable  percentage  of  the  energy 
with  which  it  entered  the  admission  nozzle.  It  may  be  roughly 
stated  that  this  rejected  energy  will  be  less  the  nearer  the  velocity 
of  the  turbine  blades  approaches  one-half  the  velocity  of  the  imping- 
ing steam.  In  the  300  horse-power  turbine  the  mean  diameter 
at  the  blades  is  0*76  metre,  and  the  speed  of  the  wheel  is  10,600 
r.p.m.  The  linear  velocity  of  the  blades  is  thus  424  metres  per 
second.  With  an  admission  pressure  of  18  absolute  metric 
atmospheres  and  a  condenser  pressure  of  86*6  per  cent.,  the 
absolute  velocity  of  the  impinging  steam,  allowing  15  per  cent,  loss 
in  the  nozzle,  will  be  1090  metres  per  second.  At  the  usual 
^  Delaporte,  Revue  de  M^miquey  1902,  s.  406. 
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angles  at  which  the  nozzles  are  inclined  to  the  direction  of  move- 
ment of  the  vanes,  this  velocity  may  be  imagined  to  be  resolved 
into  two  components :  one  in  the  direction  of  the  movement  of  the 
blades,  and  amounting  to  about  0*94x1090  =  1030  metres  per 
second,  and  the  other  component  perpendicular  to  the  first  one, 
and  amounting  to  0*34^  x  1090  =  370  metres  per  second.  We  may 
assume  (see  p.  77)  that  the  speed  of  the  steam  relative  to  the 
vanes  decreases  20  per  cent,  diuing  the  passage  over  the  vanes. 
Hence  the  speed  of  370  metres  per  second  is  reduced  to  296  metres 
per  second.  The  other  component  would  be  reduced  by  an  amount 
equal  to  twice  the  peripheral  speed  of  the  vanes,  provided  that  no 
vane  friction  existed.  Allowing,  however,  for  the  assumed  20  per 
cent,  less  in  the  relative  speed,  the  resulting  decrease  in  speed  is 
equal  to  some  225  times  the  peripheral  speed. 

1030  -  2-25  X  424  =  1030  -  954  =  76  metres  per  second. 

The  absolute  speed  of  the  steam  after  leaving  the  vanes  is  equal  to 

V76«+2962=  306  metres  per  second. 

The  energy  loss  in  percentage  of  the  energy  of  the  steam  on 
emerging  from  the  admission  nozzles  is  equal  to 

(^Jx  100  =  7-8  percent 

In  the  smaller  sizes  the  blade  velocity  is  still  lower,  and  the 
energy  passing  on  to  the  condenser  is  a  correspondingly  greater 
percentage  of  the  total  energy  in  the  steam  at  admission. 

Summation  of  Losses. — In  view  of  these  analyses  of  the 
component  losses,  we  are  in  a  position  to  make  a  rough  allocation 
of  the  total  loss  amongst  these  components. 

Taking  the  case  of  a  209  kilowatt  set  and  denoting  by  100  the 
gross  energy  supplied  to  the  admission  nozzles,  the  distribution  is 
roughly  as  follows  : — 

1.  Nozzle  losaes 12 

2.  Lctfikage  losses )  . 

3.  Radiation  losses ) 

4.  Losses  due  to  friction  of  the  turbine  wheel  revolving  in  the  steaui  4 

5.  Losses  due  to  friction  of  the  steam  travelling  over  the  vanes  .        .  9  ^' 

6.  Losses  due  to  bearing  friction  of  wheel 1 

7.  Losses  in  speed  reduction  gearing   .        .  2 

8.  Losses  in  dynamo 4 

9.  Losses  due  to  residual  kinetic  energy  in  \\^^  steam   passing  to 

condenser ...      8 

Output  .....'*..        .    r)9 
Gross  input    ..."  «  1^00 

1 0-94  « COB  20';  0-34^^. 
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Of  course,  the  conditions  under  which  the  turbine  runs,  i.  e, 
whether  with  or  without  condenser,  whether  at  the  most  favourable 
speed  or  at  a  speed  far  below  the  most  favourable  speed,  would 
change  the  relative  importance  of  the  component  losses,  but  the 

above  may  be  considered  to  give  a 
rough  idea  of  the  amount  and  dis- 
tribution of  tliestj  loaves  in  a  noruial 
de  Laval  turbine  of  the  300  horse- 
power (209  kilowatt)  size  wlien 
running  condensing. 


Fio.  39.— 20  H.P.  de  Laval  Turbine. 

Gteneral  Description. — In  Fig.  39  are  shown  drawings  of  a 
20  horse-power  de  Laval  turbine. 

The  turbine  wheel  A  is  mounted  upon  the  flexible  shaft  B 
between  the  spherical-seated  bearing  C  and  the  stuflBng  box  D. 
The  teeth  of  the  two  pinions  EE  are  cut  in  the  metal  of  the  shaft 
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itself.  Bearings  FG  supported  in  the  frame  of  the  gear  case  are 
provided  just  outside  the  pinions.  The  pinions  EE  engage  the  gear 
wheel  H  mounted  on  the  shaft  J,  supported  in  the  bearings  KKK. 
The  power  is  in  this  instance  transmitted  from  the  pulley  L 

A  case  in  which  a  dynamo  is  driven  from  the  power  shaft  is 
shown  in  the  sectional  plan  in  Fig  40,^  which  represents  a  30 
horse-power  continuous-current  set.  The  rated  capacity  of  the 
dynamo  is  20  kilowatt.  Excellent  outline  drawings  with  numerous 
dimensions  are  given  for  a  de  Laval  200  horse-power  set  on  p.  227  of 
the  third  edition  of  Stodola's  treatise  jOie  Dampfturbinen,  In  sets  of 
from  50  horse-power  upwards,  two  gear  wheels,  two  power  shafts, 
and  two  dynamos  are  employed.  The  arrangement  of  the  two 
power  shafts  is  well  illustrated  in  Fig.  41,  taken  from  an  article  in 
Madiinery  for  November  1904,  entitled  "The  de  Laval  Steam 
Turbine  and  its  Manufacture."  The  illustration,  which  is  a  horizontal 
sectional  view  taken  through  the  turbine  and  gear  shafts,  shows  strik- 
ingly the  relative  sizes  of  the  turbine  and  the  reduction  gearing. 

The  Turbine  WheeL — In  the  small  and  medium  sizes  the 
design  of  wheel  shown  in  Fig.  42  is  employed.  T,  the  hub  of  the 
wheel,  is  bored  out,  and  a  thin  steel  bushing  is  drawn  into  the  hub 
by  a  nut  at  one  end.  The  middle  portion  of  the  bushing  is  bored 
with  a  taper  of  4  per  cent.  The  bushing  is  forced  on  the  shaft  and 
then  pinned  in  place  as  shown. 

The  wheel  may  be  removed  from  the  shaft  by  drawing  it  oflf  the 
steel  bushing  after  removing  the  nut. 

Since  the  presence  of  a  hole,  no  matter  how  small,  through  the 
turbine  wheel  reduces  its  strength  to  at  least  one-half,  it  has  been 
found  necessary,  in  the  larger  sizes  of  de  Laval  turbines,  where 
very  high  peripheral  speeds  are  employed,  to  abandon  the  design 
shown  in  Fig.  42  in  favour  of  that  shown  in  Fig.  43,  in  which  a 
solid  hub  is  recessed  at  each  end,  and  the  flexible  shaft  is  made  with 
enlarged  flanged  ends  which  fit  into  the  recesses  and  are  bolted 
solidly  in  place.  The  recesses  and  shaft  ends  are  machined  with  a 
4  per  cent,  taper  in  order  that  the  parts  may  be  accurately  centred 
and  fitted  solidly  together. 

The  turbine  wheels  are  made  of  a  special  grade  of  high  carbon 
steeL  Musil  {Bau  der  Dampfturbinen,  p.  66,  Leipzig,  B.  G.  Teubner) 
states: — 

"  The  turbine  wheel  is  made  from  the  toughest  homogeneous 

'  Taken  from  an  article  by  Cliarles  Garrison,  ^r.f  iipd  <*The  de  Laval  Steam 
Turbine,"  Technology  Quarterly  for  March  1^  ^assacliv^a^^^  li^t.  of 
Technology.  *^4^— Bii 
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nickel  steel,  with  a  breaking  strength  of  about  90  kilogram  per 


square  millimetre,  10  to  12  per  cent,  elongation,  and  with  an  elastic 
limit  of  65  kilogram  per  square  millimetre." 
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This  doubtless  relates  to  the  de  Laval  turbines  manufactured 
by  the  Humboldt  Company.  The  form  of  the  wheel,  with  the 
section  increasing  toward  the  hub,  is  arrived  at  by  proportioning 
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it  to  have  equal  specific  stresses  throughout,  and  a  factor  of  safety 
of  about  8.  This  does  not  hold  true  at  the  rim,  where,  just  below 
the  blades,  annular  grooves  are  turned  on  each  side  of  the  wheel, 
with  the  object  of  ensuring  that  in  the  case  of  a  dangerously  high 
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speed  being  accidentally  attained,  due  to  failure  of  the  governor,  the 
wheel  shall  burst  at  this  point,  as  the  section  is  so  reduced  that  the 
specific  stresses  are  about  50  per  cent,  higher  than  in  the  rest  of 
the  wheel.  At  normal  speed  the  factor  of  safety  at  this  reduced 
section  is  about  5  ;  and  since  the  stresses  vary  with  the  square  of 
the  speed,  the  wheel  will  burst  at  this  point  at  about  double  its 
normal  speed.  It  has  been  found  by  actual  experiments  that  no 
great  damage  results,  for  the  rim  holding  the  buckets  is  broken  up 
into  very  small  pieces,  which  can  do  no  damage  to  the  wheel  case. 
Lea  and  Meden^  state  that  in  tests  on  wheels  not  having  this  reduced 
section  at  the  rim,  the  wheels  have 
burst  through  the  centre  in  two  or 
three  heavy  pieces,  and  the  pieces 
have  been  driven  through  an  experi- 
mental wheel  case  of  steel  castings 


Fig.  42. 


Fig.  43. 


having  walls  two  inches  thick.  With  the  wheels  as  made,  however, 
they  are  perfectly  safe ;  and  in  the  event  of  the  rim  being  stripped, 
no  damage  will  result  except  to  the  wheel  itself.  Furthermore,  as 
soon  as  the  rim  breaks,  the  wheel  becomes  unbalanced ;  and  as  the 
clearance  between  the  heavy  hub  of  the  wheel  and  the  safety 
bearings  in  the  surrounding  wheel  casing  is  very  small,  as  may 
be  seen  from  Fig.  39,  the  hub  of  wheel  will,  owing  to  the  flexibility 
of  the  shaft,  come  in  contact  with  the  sides  of  these  circular 
openings  in  the  casing  into  which  it  extends,  and  these  will  act  as 
a  brake  on  the  wheel  and  assist  in  bringing  it  to  rest.  With  the 
buckets  broken  otf,  the  steam  can  no  longer  act  to  rotate  the  wheel, 

»  "  The  de  Laval  Steam  Turbine "  {Avur.  Soe.  Mech.  Enffrs.,  vol.  25,  p.  1056, 
June  1904). 
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and  it  is  merely  a  case  of  dissipating  the  energy  already  stored  up 
in  the  wheel  in  virtue  of  its  motion. 

Blades  or  "  Buckets  " : — At  the  periphery  of  the  wheel  are 
mounted  the  blades,  or,  as  they  are  sometimes  termed, ' '  buckets." 
These  are  well  illustrated  in  Fig.  44,  which  relates  to  the  blades 
and  wheel  of  a  20  horse-power  turbine,  as  built  by  the  de  Laval 
Steam  Turbine  Company  of  America 

The  blades  carry  extensions  at  the  upper  end  which  fit  against 
one  another,  thus  presenting  a  continuous  ring  as  the  outermost 
periphery  of  the  wheel  over  the  blades. 

As  shown  in  Fig.  44,  grooves  are  drilled  and  milled  in  the  rim 
of  the  turbine  wheel  in  a  crosswise  direction.  The  buckets,  which 
are  of  drop  forged  steel,  are  fitted  into  these  grooves,  and  lightly 
caulked  when  in  place.  Hence  the  buckets  can  be  readily  removed 
and  renewed.  The  question  of  deterioration  of  the  buckets  has 
already  been  discussed  on  pp.  78,  79,  and  some  particulars  of  the 
wheels  and  buckets  for  the  different  sizes  are  given  in  Table  XXXII. 
C!onstruction  of  the  Nozzles. — ^The  only  parts  of  the  turbine 
that  have  to  be  changed  to  malce  the  machine  suitable  for  any 
particular  admission  pressure,  and  degree  of  superheat  and  of 
vacuum,  are  the  nozzles.  Their  number,  size,  and  form  are  chosen 
with  reference  to  the  above  three  conditions.  The  ratio  of  the 
condenser  pressure  to  the  boiler  pressure  determines  in  a  general 
way  the  ratio  of  the  areas  of  cross  section  of  the  diverging  nozzle 
at  the  inlet  and  at  the  outlet;  for,  in  order  to  obtain  the  maximum 
of  economy,  the  expansion  must  be  complete  just  before  the  steam 
emerges  from  the  mouth  of  the  nozzle.  The  actual  size  of  these 
cross  sections  and  the  number  of  nozzles  are  determined  from  the 
total  steam  consumption  necessary  for  the  required  output.  The 
precise  shape  and  length  of  the  nozzle  is  determined  from 
experience.  It  is  necessary  that  a  certain  distance  should  inter- 
vene between  the  cross  section  at  admission  and  the  cross  section 
at  the  mouth  of  the  nozzle,  otherwise  the  expansion  could  not  be 
eflBciently  and  satisfactorily  completed,  but  any  undue  length  would 
only  result  in  increased  loss,  due  to  the  friction  of  the  steam  against 
the  sides  of  the  nozzle.  As  the  steam  consumption  at  light  loads 
is  nearly  proportionally  smaller  than  at  full  load,  the  nozzles  will 
only  be  efficient  when  the  number  opened  is  varied  as  the  load 
varies.  The  loss  in  economy  when  this  adjustment  is  not  made 
has  already  been  shown  by  the  two  steam  consumption  curves  in 
Fig.  34.  It  has  been  proposed  to  have  the  opening  and  closing 
of  the  nozzles  eflfected  automatically  by  a  governor  acting  with 
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Table  XXXIL- 


SoME  Data  of  Wheels  and  Vanes   of  Various  Sizes 
OF  DE  Laval  Steam  Turbines. 
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Table  XXXTI. — continued. 


a 
1 

Bated  Output  in  K.W. 

Country  in  which  Turbine  is  Manufactured. 
8= Sweden   1  F= France      Ia-a«,^,i«- 
E=England  |  0=Germany  |  ^-America. 

a 

d 

i 
1 

1 
1 

Diam.  of  Wheel  to  Middle  of  Length  of 
Vane  in  Millimetres. 

1 
1 

i 

f2 

1 

J 

s 

it 
if 
^f 

1 

2 

Centrifugal  Force  on  Vanes  in  Metric  Tons 
per  Kilogram  Weight  of  Vane. 

1 

ToUl  Centrifugal  Force  per  Vane  in 
Metric  Tons. 

Total  Centrifugal  Force  for  all 
Vanes  in  Metric  Tons. 

No.  of  Vanes— generally  rough  data. 

Pitch  of  Vanes  in  Millimetres  at  Mean 
Circumference  (from  rough  data). 
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variations  iu  load.  But  in  practice  de  Laval  turbines  are  regulated 
by  hand  so  far  as  relates  to  control  of  the  nozzles,  and  hence  it  is 
probable  that  they  are  often  operating  at  light  loads  with  all  the 
nozzles  open,  and  hence  at  lower  efficiency. 

De  Laval  turbines,  as  supplied  by  Messrs  Greenwood  &  Batley, 
Leeds,  are  provided  with  such  a  number  of  nozzle  holes  as  to 
always  make  it  possible  to  put  in  the  required  number  of  nozzles 
for  any  admission  pressure  between  5  and  15  absolute  metric 
atmospheres.  In  Fig.  45,  which  is  a  photograph  of  a  225  horse- 
power turbine  motor,  two  of  the  additional  nozzle  holes  plugged 
up  instead  of  fitted  with  adjustable  nozzles  are  seen. 

The  degree  of  superheat  affects  the  design  of  the  nozzles  so  slightly 
as  not  to  render  it  necessary  to  employ  special  designs.  Lewicki  ^ 
has,  however,  found  that  for  very  high  degrees  of  superheat  the 
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Pig.  46.'^Section  through  de  Laval  Nozzle  and  Valve. 

bronze  nozzles  and  valves  of  a  30  horse-power  turbine  with  which 
he  experimented  had  to  be  replaced  by  others  of  iron,  on  account 
of  the  lower  coefficient  of  expansion  of  the  latter  material. 

It  thus  appears  that  a  de  Laval  turbine  provided  with  nozzles 
for  a  certain  pressure  and  vacuum  will  not  give  the  best  results 
with  different  boiler  and  condenser  pressures,  and  the  nozzles 
should  be  changed  to  suit  the  changed  conditions.  Sometimes 
turbines  are  fitted  with  two  sets  of  nozzles,  the  one  set  suitable 
for  running  condensing  and  the  other  for  running  non-condensing. 

Fig.  46  shows  a  section  through  a  nozzle  and  valve  as  built 
at  the  de  Laval  Steam  Turbine  Works  at  Trenton,  N.J.  In  this 
figure  the  valve  C  operated  by  the  hand  wheel  opens  or  closes 
the  passage  for  the  steam  from  the  steam  chest  A  to  the  nozzle  B. 
On  emerging  from  the  mouth  of  the  nozzle  B,  the  steam  impinges 

1  "  Die  Anwendung  hoher  Ueberliitzuiig  |j  •  n^jtricb  von  Dampftiirbinen," 
Emst  Lewicki,  Zae«c^r.  Vereiiies  Deutsch.  7?^^^\  ^p  441-447,  March  28th, 
1903,  pp.  491-497,  April  4lh,  1903,  pp.  525   b*»      '     Vllth,  l^O^- 
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upon  the  blades  D  of  the  turbine  wheel,  delivering  up  to  the  wheel 
the  bulk  of  its  kinetic  energy,  and  passing  oflF  at  the  other  side  of 
the  wheel  to  ultimately  arrive  at  the  condenser.  In  an  article  in 
Machinery  (p.  124,  Nov.  1904),  it  is  stated  that  "the  nozzles 
are  turned  to  gauge  on  their  outside  and  reamed  to  the  required 
taper  on  the  inside.  Over  600  reamers  of  different  tapers  are 
kept  in  the  tool  room  of  the  works  at  Trenton,  N.J.,  U.S.A.,  for 
this  purpose.  The  nozzles  are  simply  driven  into  place  in  the 
casing,  but  are  threaded  at  their  inner  ends  to  facilitate  removal 
by  means  of  a  jamb  nut.  The  taper  of  the  nozzles  ranges  from 
about  6  to  12  degrees  total  taper,  and  they  are  located  with  their 
outlet  about  3  millimetres  from  the  wheel  blades." 

Messrs  Greenwood  &  Batley^s  design  of  nozzle  and  valve  and 
stuffing  box  is  indicated  in  the  sketch  in  Fig.  47. 


((((((((U{(((( 

Fig.  47.— Nozzle  and  Valve  in  Messrs  Greenwood  and  Batley's  de  Laval  Turbine. 

The  largest  sizes  of  de  Laval  turbines  are  generally  furnished 
with  eight  nozzles. 

The  Flexible  Shaft. — Of  hardly  less  importance  than  the 
diverging  nozzle  is  the  use  of  the  flexible  shaft  devised  by  de  Laval 
to  permit  of  operating  with  the  very  high  speeds  necessary  with  a 
single-wheel  turbine.  These  very  high  speeds  entail  enormous 
centrifugal  forces.  Thus,  from  the  data  for  the  300  horse-power 
turbine  given  in  Table  XXX IL,  we  see  that  the  addition  of  a  weight 
of  one  gramme  at  the  periphery  of  the  wheel  will  subject  it  to 
an  unbalanced  centrifugal  force  of  47  kilograms.  It  is  impracti- 
cable to  deal  by  means  of  rigid  shafts  with  such  forces  as  are  liable 
to  be  encountered  in  these  cases,  and  hence  de  Laval  employs  a 
flexible  shaft  permitting  the  wheel  to  rotate  about  its  centre  of 
gravity  in  virtue  of  the  gyrostatic  effect.  The  wheel  is  not 
mounted  midway  between  its  bearings,  but  considerably  nearer 
the  spherical-seated  outer  bearing.  When  it  is  started  up  from 
rest,  if  its  centre  of  gravity  is  not  precisely  in  the  axis  of  the 
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shaft,  the  shaft  will  bend  as  shown  in  Fig.  48,  but,  as  there  seen, 
the  plane  of  revolution  of  the  wheel  is  then  no  longer  normal  to 
the  axis  of  rotation,  and  when  a  sufficiently  high  speed  is  reached 
the  gyrostatic  action  is  great  enough  to  pull  this  plane  back  to  a 
position  normal  to  the  axis  of  rotation,  which  requires  the  shaft  to 
adapt  itself  to  even  rotation  about  the  centre  of  gravity  of  the 
system.  This  occurs  in  virtue  of  the  formation  of  a  node  at  the 
centre  of  the  hub  of  the  wheel.  The  so-called  "  critical "  speed  is 
generally  well  below  one-quarter  of  the  normal  speed. 

The  flexible  shaft  of  a  100  horse-power  size,  with  wheel  and 


Fig.  48. 


bearings,  are  shown  in  Fig.  49.  Side  by  side  with  this,  and 
approximately  to  the  same  scale,  are  shown  the  shafts  for  the  30 
horse-power  and  300  horse-power  sizes. 

Bearings. — Eeluming  to  the  case  illustrated  in  Fig.  49, 
which  represents  the  Humboldt  Company's  method  of  construc- 
tion, the  bearing  at  the  right-hand  end  is  spherical-seated,  so  as 
to  take  up  whatever  end  thrust  may  be  exerted  on  the  wheel  by 
the  impinging  steam.  This  is  very  slight.  As  we  have  seen, 
the  aim  is  to  have  the  steam  compl^t;^3iy  expanded  to  condenser 
pressure  when  it  emerges  from  the  Hrvy^leg  a^^  hence  the  wheel 
runs  in  a  medium  of  the  low  den8it>.  '  resP^'^^^^^  ^^  ^^  ^^^" 
denser  pressure,  and   the  pressure  ,  v^e  ^^  ®^°^®  ^^  ^^^^ 

aides  of  the  wheel.     As  will  be  see^    ^WW     ^^g^  49,  the  bearing 
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is  carried  in  a  self-aligning  spherical-seated  casing,  held  inwards 
by  a  helical  spring  against  its  seat  in  the  turbine  casing. 

On   the  other  side  of  the  wheel  the  shaft  passes  through  a 
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loose-fitting  bearing  B,  which  serves  primarily  as  a  stuffing  box. 
At  either  side  of  the  pinions  the  shaft  is  carried  in  two  bearings, 
which  are  best  seen  at  C  C  in  Fig.  41  p.  85. 

Ghears. — As  already  stated,  the  teeth  of  the  pinions  are  cut 
directly  on  an  extension  of  the  flexible  shaft,  and  are  stated^  to  be 
"of  -60  or  -70  carbon  steel."  The  gears  are  stated  to  be  "of 
mild  -20  carbon  steel,  of  a  grade  similar  to  that  used  for  car 
wheel  tyres."  Up  to  and  including  the  30  horse-power  size  solid 
steel  geara  are  employed,  but  for  the  larger  sizes  they  have  cast- 
iron  centres  and  mild  steel  rims.  The  pitch  of  the  teeth  is 
about  3'8  millimetres  in  the  smallest  and  some  6*6  millimetres  in 
the  largest  sizes.  It  is  stated  in  Machinery  (p.  125,  Nov.  1904) 
that  *'  the  success  in  running  these  gears  at  high  speed  is  due  in 
part  to  the  fine  pitch  and  the  spiral  angle  of  the  teeth,  which 
thus  brings  a  large  number  of  teeth  in  mesh  at  one  time,  making 
the  working  pressure  at  each  tooth  very  light,  and  reducing  the 
likelihood  of  abrasion."  The  gears  run  at  the  very  high  linear 
velocity  of  some  30  metres  per  second. 

Table  XXXIII.  contains  some  interesting  data  of  gears,  pinions, 
shafts  and  bearings.  The  data  in  Table  XXXIII.  is  only  very 
rough,  and  has  been  compiled  from  a  number  of  sources,  the  data  in 
which  was  often  more  or  less  contradictory.  The  manufacturers 
are  naturally  averse  to  publishing  precise  data.  Nevertheless,  it 
is  useful  to  have  a  general  survey  of  the  range  of  values  employed. 
It  is  seen  from  Table  XXXIII.  that  the  speed  of  the  flexible  shaft 
at  the  bearing  surface  is  in  some  cases  over  20  metres  per 
second. 

The  teeth  of  the  pinions  are  cut  at  an  angle  of  45°,  and,  as 
indicated  in  Fig.  41,  one  of  the  pinions  carries  teeth  cut  on  a  left- 
handed  and  the  other  on  a  right-handed  spiral.  This  prevents 
longitudinal  motion. 

Lubrication. — The  low-speed  bearings  on  each  side  of  the 
gear  wheels  are  provided  with  oil  rings.  The  oil  is  distributed  to 
the  high-speed  bearings  by  a  shallow  spiral  groove  (see  Fig.  49) 
turned  in  the  shell  In  a  100  horse-power  machine  this  groove  is 
about  0*4  millimetre  pitch.  Sight  feed  lubricators  are  employed 
for  the  high-speed  bearings.  Lea  and  Meden  state  {Trans.  Am. 
Inst.  Mech.  Engrs,,  vol.  xxv.,  1904,  n  1064)  that  ring  oiling  has 
not  proved  to  be  satisfactory  for  n.^  high-speed  bearings.  This, 
they  say,  is  because  "  the  turbi^       i^p^l  shaft  usually  vibrates 

»  Machinery  for  Nov.  1904,  "The  ^  aiW  Turbine  and  its  Manu- 

facture<p.l25.  ^  V»^  ^  7 
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Table  XXXIIL— 

Some  Data 

OF  Obabs,  Pinions,  Shafts  and  Bbarinos 

0^ 

1 
1 

Hated  Output  of  Turbine  In  K.W. 

Country  In  which  Turbine  Is  Manufactured. 
S=Sweden    1  F=  France        A-Am*n«- 
E  =  England|G=Germany    ^-America. 

Rated  Speed  of  Turbine  Wheel  In  B.p.m. 

1 

1 

■s 

1 

1 

1 

1 

i 

Outside  Otem.  of  Pinion  in  MlUlmotres. 
Outside  Diam.  of  Gew  In  Millimetres. 

a 

I 

1 
1 

1 

Vb< 

1 
"1 

j 

' 

..      1         E            40,000 

..  1  .. 

4,000 

.. 

..         1     . 

..  1  .. 

.. 

' 

1 

1 

10 

A 

89,000 

•    1      ••      1      *'"«> 

.. 

~ 

8 

..         t     • 

..    1      .. 

..        1     . 

1-6 

E 

8(.,000    ,     . 

..    '      .. 

8,000 

_ 

.. 

1 

!    .. 

G 

80,000    1     . 

..    1      .. 

'                   M 

A 

.          ..     1       ..              8,000 

..            1                .. 

.  1  ..  1    ..    1     ..     !     .. 

5  - 

1     3-a   1       E 

80,000 

1 

1       8,000 

3  0 

F 

8,000 

G 

80,000 

..     1       .. 

8-3 

A 

1 

1     • 

.,     1       .. 

3,000 

.. 

E 

..         1     . 

..        1        .. 

7   - 

4*4 

80,000 

.  1  ..       .. 

8,000             ..         1 

•• 

..         1      . 

4-6              A 

1      * 

8,000 

^ 

1       ..       1         .. 

— 

10  . 

1       6-6              E 

24,000 

2,400 

1       6-1               F 

•24,000 

.. 

2.400 

1       ••                G 

24,000 

. 

1       "'^             ^ 

24,000         2 

1          208 

9-9            2,400     ;       27-8               S56 

•», 

1       ..       1         .. 

1 

•     1     .. 

.. 

l-.  - 

99     1          E 

24,000 

.     1     .. 

2,400     1 

9-4     1          F 

.. 

..       1       2,400 

.. 

• 

..       1         G 

24,000 

•     1     •• 

.. 

100              A 

■  1  •• 

•• 

3,400     1         ..         1         .. 

\{,V)  To  face  page  40. 


)f  nozzles  opened  were  in  proportion  to  the  load. 


Source  of  Data. 


peur^  Paris,  Ch.  Bernnger,  1904  (p.  151). 


I  special  reference  to  the  De  Laval  Type  of  Turbine,"  Trans,  Inst,  Engr$. 
vol.  xlvi.,  Nov.  1902,  page  26,  part  1. 


sj)ecial  reference  to  the  De  Laval  Type  of  Turbine,"  Trans.  Inst,  Engrs. 
m  xlvi.,  Nov.  1902,  page  23. 


).    London  :  Longmans,  Green  k  Co.,  1903. 


).    London :  Longmans,  Green  &  Co.,  1903. 


I  Turbine,"  Amer.  Soc.  Meek.  Engrs.  Trans.,  vol.  xxv.  ^  1070. 


do. 


do. 


aval,  Paris,  Ch.  Dunod,  1902  (p.  16). 


?^r,  Paris,  Ch.  Beranger,  1904,  p.  150. 


wr,  Paris,  Ch.  Beranger,  1904,  p.  152. 
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Results  for  120  per  cent  of 
Rated  Load. 
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Dec  1899      ^idersson,  "  Steam  Turbines 
Dec.  1 899      f     ^^  skipbuildm-8  of  Scoth 


June  1900      Uidersson,  *  *  Steam  Turbines 
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1902 


May  and  Junieilson,  TTi.  5i«i«t  r«r6m^ 


1902  j 


1900  Sosnowski,  iZcmes  «<  ?'«r?H-7i 


THE  DE  LAVAL   TURBINE 
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Table  XXXIII.— etm^inuee/. 


c 

4) 

C 

1 

1 

l|    1 

III 

5«M 

a 
p. 

c 

1 

c 

1 

1 

•s 

1  i 
1 

1 
a 

.e 

1 

1 

J5 

1 

Rated  Speed  of  Dynamo  in  R.p.m. 

Oatside  DUm.  of  Pinion  in  Millimetres. 
Outside  DUm.  of  Gear  in  Mlilimetres. 

I 

B 
£ 

1 

20- 

.-        1        ..        ,        .. 

iss 

« 

20,000 

..  1  .. 

2,000    1         ..         1         .. 

..  i 

«•• 

F 

..  1  ..      ..I 

2,200 

.. 

..  i 

■• 

G 

20,000 

21         208 

9-9    1       2,000 

.. 

.. 

13S 

A 

.,     1       ..       !       2,000 

.. 

••  i 

30. 

.. 

-^■■■i 

20 

£ 

20,000 

..     1     .. 

.. 
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F 

1 
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•• 

►* 
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20        1         A 
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88 

£ 
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.. 
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G 
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U 
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1  ..  i  .. 
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1 
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.. 
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1 
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.      86 

A 
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..        •     ..     1 

50 

E 
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\i 

K 

.. 

.. 
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1 

G 
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1 

.      50 
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1,500            38-8 

898           8-0 
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Table  XXXIII. —am<int/«d. 

f 
1 

1 

1 

;  1 

^1 
*      S 

III 
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i 

a 
1 

1 

o 

Number  of  Teeth  In  Pinion. 
Number  of  Teeth  In  Gear. 

Gear  Ratio. 
Rated  Speed  of  Dynamo  In  R.p.m. 

1 
i 

a 

1 

i 

Depth  of  Teeth  In  Millimetrw. 

.. 

.. 

1 

75 

£ 

.. 

.. 

1,050 
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.. 

.. 

1 

.. 

.. 

.. 

.. 

1     7* 

A 

18,000 

28 

250 

10-9 
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46-2 
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80   1 

.. 

.. 

.. 

" 

.. 

.. 
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E 

18.000 

** 

1,060 
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97 

F 

.. 
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.. 
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.. 
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A 
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.. 

.. 

800- 

.. 

.. 

.. 

.. 
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E 
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F 
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.. 
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G 
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.. 
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11-7 

900             67-2 
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.. 
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slightly,  and  this  vibration  is  communicated  to  the  oil  rings,  which, 
refusing  to  follow  the  shaft,  do  not  furnish  proper  lubrication. 

"  It  is  also  found  that  the  temperature  of  the  oil  will  in  this 
case  increase  too  much,  and  drip  lubrication  has  been  found  more 
satisfactory,  only  a  small  quantity  of  oil  being  required.  With 
the  high  speed  it  is  very  important  that  the  lubrication  should 
not  be  interrupted,  as  it  takes  but  a  short  time  for  the  bearing  to 
run  hot.  AVick  lubrication  has  so  far  proved  the  most  reliable. 
It  must,  however,  be  arranged  so  that  the  oil  leaves  the  wick  tube 
in  drops,  and  with  a  sight  glass  below  the  tube  through  which 
the  amount  of  feed  can  be  ascertained.  The  oil  is  filtered  by  the 
wick,  which  ensures  clean  oil  in  the  bearing,  and  the  oil  will  flow 
as  long  as  any  oil  remains  in  the  tank.  With  oil  tanks  of  ample 
size  there  will  not  be  much  attendance  required.  It  seems, 
though,  in  the  present  advanced  stage,  that  opposition  is  some- 
times met  with  in  having  this  method  of  lubrication  used.  The 
common  sight-feed  lubricator,  with  such  a  small  number  of  drops 
as  are  required,  has  the  disadvantage  of  a  very  small  opening 
for  the  oil,  so  that  a  small  amount  of  dirt  will  suddenly  interrupt 
the  lubrication.  The  bearings  will  then  immediately  heat.  Any 
mechanical  arrangement  for  forced  lubrication  is  in  itself  more 
or  less  apt  to  get  out  of  order.  It  is  all  right  for  slow-speed 
machinery,  which,  in  case  of  interruption  of  the  oiling,  can  run  a 
considerable  time  on  the  oil  already  supplied,  and  until  the 
trouble  can  be  discovered  and  remedied,  but  it  is  more  or  less 
uncertain  for  high-speed  apparatus." 

The  gears  are  continuously  lubricated  with  a  moderate  amount 
of  oil  They  are  encased  as  effectively  as  practicable  to  prevent  the 
entrance  of  extraneous  matter  such  as  dust  or  grit.  It  is  stated 
that  with  suitable  care  they  will  run  for  many  years  without 
visible  wear.  Lea  and  Meden  state  that  the  gear  wheels  were 
originally  made  of  bronze,  but  it  was  found  that  they  became 
crystallised  after  a  couple  of  years  of  continuous  operation,  and 
pieces  of  teeth  were  broken  off  and  destroyed  the  gears. 

The  enormous  size  of  the  speed-reduction  gearing  as  compared 
with  the  size  of  the  turbine  itself  is  well  shown  in  Fig.  41. 

The  centrifugal  throttling  governor  and  vacuum  valve  are 
illustrated  in  Figs.  51  and  50. 

Fig.  50  shows  the  governor  in  section  and  shows  the  outside 
of  the  steam  valve.  The  bell-crank  lever  L  is  fixed  to  a  spindle 
which  passes  into  the  pipe  and  carries  a  straight  lever  inside  the 
pipe  (see  Fig.  50)  which  operates  the  steam  throttle  valve.     Fig. 
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51  shows  the  inside  of  the  steam  valve  with  the  same  bell-crank 
lever  L  dotted.  It  will  be  seen  that  there  are  two  separate  parts 
B  B,  mounted  on  knife  edges  A  A,  and  lield  in  place  by  the 
pressure  of  springs.  The  spring  N  balances  the  lever  L.  K  is 
the  end  of  the  gear  shaft  which  drives  the  governor.  When  the 
speed  becomes  sufficient  for  the  weights  B  B  to  fly  out  by  centri- 
fugal force  and  overcome  the  resistance  of  the  springs,  through 
pins  CC  pressing  against   the   collar   D,  rod   G   moves   lever  L, 


(C.  GarrisoD,  Techn,  Quarterly,  March  1904.) 

which  has  a  certain  "  play "  in  M,  and  definitely  reduces  the 
opening  of  the  valve  in  Fig.  51. 

A  travel  of  only  one-eighth  of  an  inch  of  the  plunger  covers  the 
valve's  motion  from  full-open  to  definitely-closed. 

With  condensing  de  Laval  turbines  a  vacuum  valve  T  is 
arranged  in  connection  with  the  governor,  so  that  in  case  of  the 
turbine  exceeding  a  predetermined  speed  limit  and  the  steam 
throttle  valve  failing,  the  vacuum  is  destroyed  by  the  governor 
pressing  on  this  valve  and  admitting  air  to  the  condenser  through 
passage  P.     The  steam  consumption  non-condensing  is  so  much 
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greater  than  when  condensing  that  it  is  impossible  for  full  steam 
supply  (valves  fully  open)  to  give  excessive  speed.^ 

Overload  Capacity  of  the  de  Laval  Turbine. — This 
is  largely  dependent  upon  the  number  of  nozzles  with  which 
the  turbine  is  equipped.  It  is  customary  to  supply  the  turbine 
with  sufl&cient  nozzle  capacity  to  carry  continuously  at  least  10  per 
cent,  overload.  If,  however,  a  heavier  overload  capacity  is  desired, 
it  can  be  provided  by  substituting  suitable  nozzles,  and  it  is 
sometimes  required  that  the  machine  shall  carry  at  least  25  per 


Fio.  51.  — Governor  Valve. 

cent,  overload  for  fairly  long  periods  continuously.  In  such 
cases  the  turbine  case  is  generally  fitted  with  one  nozzle  in 
addition  to  the  usual  number,  this  being  opened  only  when  the 
overload  comes  on.  If  a  heavier  overload  than  one  for  which  the 
nozzles  are  designed  comes  on,  the  speed  falls  off.  The  same  size, 
weight,  and  general  design  of  turbine  is  employed  for  a  given  out- 
put, whether  for  running  condensing  or  non-condensing.  The 
only  difference  relates  to  the  design  of  the  nozzles.  In  small 
turbines,  which  are  required  to  run  either  condensing  or  non- 
condensing,  two  entirely  different  sets  of  nozzles  are  provided  for 

^  Mr  Charles  Garrison,  S.B.,  in  Proceedings  of  five  Society  of  ArUy  Mass.  hist, 
of  Tech.y  March  1904,  stated  : — "  that  a  150  h.p.  condensing  turbine  would  not 
come  up  to  rated  full-load  speed  when  run  non-condensing  with  all  nozzles 
open  and  with  no  load." 
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in  the  turbine  case.  Each  nozzle  has  a  shut-off  valve,  and  the 
condensing  nozzles  are  opened  when  the  turbine  is  operated, 
exhausting  into  an  independent  condenser,  the  non-condensing 
nozzles  then  being  closed,  and  vice  versa  when  the  turbine  is 
running  non-condensing.  Each  of  these  two  sets  of  steam  nozzles 
has  sufficient  capacity  for  driving  the  turbine  continuously  with 
full  load,  and  each  set  is  constructed  to  carry  the  same  overload. 

In  the  design  and  rating  of  direct  coupled  generating  sets,  the 
practice  of  the  different  manufacturers  of  de  Laval  turbines  in 
different  countries  varies  to  a  certain  extent.  Table  XXXIV.  has 
been  compiled  from  rough  data  given  in  various  publications.  The 
purpose  of  the  table  is  merely  to  give  a  general  idea  of  customary 
practice,  and  is  not  to  be  taken  as  necessarily  correct  in  special 
cases.  For  instance,  the  weights  of  the  complete  sets  were  often 
given,  and  in  other  sections  the  weights  of  turbines  alona  From 
these  we  have  deduced  the  weights  of  the  dynamos,  and  we  have 
not  attemped  to  investigate  the  discrepancies  revealed  by  this  rough 
method  of  analysis. 

These  dimensions  have  been  taken  from  publications  of  various 
firms,  and  any  apparently  wide  divergences  are  probably  due  to 
some  dimensions  being  taken  just  over  the  bed  plate,  and  others 
over  the  actual  greatest  over-all  length  of  the  machine. 

In  Figs.  52  to  55  are  plotted  curves  showing  the  variation 
of  weight  and  floor  space,  with  output  for  combined  turbo-generat- 
ing sets  and  for  turbine  motors.  Figs.  52,  53,  relating  to  turbo- 
generators, show  respectively  the  total  weight  and  weight  per 
kilowatt-rated  output  plotted  against  output.  Figa  54  and  55 
are  similar  curves  for  turbine  motors  for  rope  or  belt  driving. 

Machines  of  different  manufacture  are  indicated  on  the  curves 
by  various  styles  of  points,  and  smooth  curves  have  been  drawn 
through  these  points,  giving  a  sufficiently  good  idea  of  the  range 
of  values. 
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Table  XXXIV.  (A2). 

a 
1 

5 

CoDtinnous  Carrent  Sets.    Alternating  Current  Turbine  Sets  (ExcludlnffSExciters). 

3 

11 
1 

a 

ii 
I* 

1 

s  ^ 
a& 

8 
1 
1 

ill 

1 

< 

I 

o 

I 
1 

a 

i 

o 

a 

U 

o 

1 

< 

!  '1 

II       II 

■9-     1      •«- 

S   ,  5 

1-5  . 

29 

20 

20 

.. 

_ 

•28 

22 

22 

8 

•M 

36 

226 

•42 

47 

28-6 

5    . 

•41 

64 

J  70 

•57 

74 

24-6 

•M 

70 

210 

1       •• 

.. 

7    - 

•41 

68 

18-2 

! 

•66 

71 

16-6 

.. 

•61 

83 

12-6 

10  • 

•«4 

97 

16-9 

•64 

97 

14-7 

14 

i    - 

•61 

87 

8-8 

•74 

123 

131 

.. 

•66 

106 

10-6 

112 


STEAM  TURBINE  ENGINEERING 


Table  XXXIV.  (A8). 
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Table  XXXIV.  (Bl). 
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Table  XXXIV.  (B3). 
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CHAPTER  IV 

THE  PARSONS  TURBINE 

Parsons'  early  contributions  to  steam  turbine  development  date 
from  practically  the  same  period  as  de  Laval's,  and  it  is  only 
in  the  interests  of  lucidity  that  we  have  given  l&rst  place  to  a 
discussion  of  the  de  Laval  turbine;  for  the  Parsons  turbine,  as 
regards  both  construction  and  operation,  is  considerably  less 
simple  than  the  de  Laval  turbine. 

Passing  over  the  historical  development  of  the  Parsons  type  of 
turbine  and  coming  to  the  modern  machine,  it  should  first  be 
pointed  out  that  turbines  diflfering  in  many  respects  from  one 
another,  but  all  possessing  the  main  features  of  the  Parsons  type, 
are  now  being  built  by  a  number  of  more  or  less  independent 
manufacturers.  Most  of  the  sets  at  present  installed  have  been 
built  by  one  or  the  other  of  the  three  following  concerns: — 
Messrs  C.  A.  Parsons  &  Co.,  Newcastle-on-Tyne ;  Messrs  Brown, 
Boveri  &  Co.,  Baden,  Switzerland  ;  The  Westinghouse  Companies, 
of  Pittsburg,  Pa.,  U.S.A.,  and  Manchester,  England.  A  large 
number  of  other  companies  have  also  taken  out  licenses  to 
manufacture  Parsons  turbines,  but  sufficient  time  has  as 
yet  hardly  elapsed  to  permit  of  reporting  progress  in  these 
quarters.^ 

The  development  of  the  Parsons  turbine  for  marine  purposes 
is  referred  to  in  a  later  chapter.  In  the  present  chapter  land 
turbines  only  will  be  discussed. 

The  turbines  built  by  Messrs  C.  A.  Parsons  &  Co.  and  those 
by  Messrs  Brown,  Boveri  &  Co.  are  very  similar,  and  will  be 
referred  to  as  Parsons  turbines.  The  modifications  made  by  the 
Westinghouse  Co.  are  more  extensive,  although  the  main  principles 

'  The  Brush  Co.  has  sent  us  particulars  of  one  of  their  designs  (see  Fig.  68, 
facing  p.  122). 
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of  the  Parsons  type  are  retained ;  they  have  expanding  nozzles  at 
the  high-pressure  end. 

In  the  Parsons  turbine,  so-called  stationary  *  guide  vanes '  are 
employed  instead  of  the  diverging  nozzles  of  the  de  Laval  turbine 
to  direct  the  steam  against  the  vanes  of  the  running  wheel.  It  is 
not  attempted  in  these  guide  vanes  to  transform  the  energy  of  the 
steam  completely  into  kinetic  energy  (i.e.  energy  of  translational 
motion),  and  on  emerging  from  the  guide  vanes  the  energy  of  the 
steam  is  only  partly  kinetic.  That  portion  which  is  kinetic  is 
more  or  less  completely  imparted  to  the  vanes  of  the  moving 
wheel,  according  to  very  much  the  same  general  principles 
described  in  Chapter  III.  on  the  de  Laval  turbine.  A  further  part 
of  the  energy  of  the  steam  emerging  from  the  guide  vanes  is 
employed  to  drive  forward  the  vanes  of  the  moving  wheel  by 
expansion.  A  third  portion  is  passed  on  to  the  next  set  of  vanes, 
imbued  with  a  diminished  store  of  energy.  A  leading  character- 
istic of  the  Parsons  turbine,  as  compared  with  the  de  Laval  type, 
thus  relates  to  the  employment  of  many  stages  in  the  former  as 
against  one  stage  in  the  latter.  For  this  purpose  the  Parsons 
turbine  is  built  with  a  very  large  number  of  sets  of  fixed  vanes 
alternating  with  a  corresponding  number  of  sets  of  vanes 
mounted  on  the  periphery  of  a  rotating  drum.  Whereas  in 
the  de  Laval  type,  in  which  the  steam  is,  in  the  diverging  nozzle, 
already  expanded  down  to  the  pressure  in  the  condenser,  in  con- 
sequence of  which  the  wheel  revolves  in  a  medium  of  very  low 
density  and  with  an  approximately  equal  pressure  on  each  side  of 
the  wheel,  the  wheel  of  the  Parsons  turbine  rotates  in  a  medium 
having  a  high  density  at  the  admission  end  and  a  very  low 
density  at  the  exhaust  end.  Not  only  would  this,  for  a  given 
peripheral  speed,  necessitate  considerably  higher  friction  of 
the  wheel  aganst  the  medium  in  which  it  revolves,  but  there 
is  the  further  disadvantage  that  there  is  a  leakage  of  steam, 
increasing  with  the  clearances  between  the  rotating  and  stationary 
parts.  Hence  it  would  be  expected  that  it  would  be  very 
desiralile  in  turbines  of  the  Parsons  type  to  employ  a  minimum 
of  clearance.  Furthermore,  there  is  an  end  pressure  acting 
in  the  direction  of  flow  of  the  steam  from  the  admission  to 
the  exhaust  end.  The  end  pressure  is  offset  by  the  use  of 
so-called  *  balance  pistons,'  connected  with  a  suitable  number 
of  points  along  the  cylinder  by  means  of  passages  cored  out  in 
the  casing. 

In    Figs.  56,  57,  and    58  are   shown   sections   through   the 
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cylinders  of  three  designs  of  Parsons  turbine,  and  in  Fig.  59  are 
shown  in  plan  and  elevation  the  outlines  of  a  direct-connected 
turbo-generating  set.  These  have  been  furnished  us  through  the 
courtesy  of  Messrs  Brown,  Boveri  &  Co.,  the  Westinghouse  Co., 
and  the  Brush  Co.,  and  admirably  serve  the  purpose  of  explaining 
the  Parsons  type.  The  turbine  rotor  A  (Figs.  56,  57,  and 
58)  consists  of  a  long  drum,  supported  in  bearings  at  B  B.  At 
the  periphery  of  the  rotor  are  carried  the  vanes  C,  arranged  in  a 


Fio.  57. — Westinghouse-Pareons  Steam  Turbine. 

number  of  rings  varying  according  to  the  output,  speed,  and 
required  economy.  In  the  400  kilowatt  Westinghouse-Parsons 
turbine  illustrated  in  Fig.  60,  with  the  top  half  of  the  casing 
removed,  there  are  116  rings  of  vanes,  58  of  these  being  on  the 
rotor.  The  total  number  of  vanes  in  the  Parsons  type  is 
enormous  (see  Table  XXXVI.,  p.  154).  Thus  in  a  750  kilowatt 
turbine  there  are  stated  to  be  some  15,000  revolving  vanes  and  an 
equal  number  of  fixed  vanes,  making  a  total  of  30,000  vanes. 
This  is  20  rotating  vanes  per  kilowatt,  or  0050  kilowatts  per 
rotating  vane.^     Between   the   rings  of   rotating    vanes  are   the 

*  The  2000  kilowatt  Wv-stinghonae-  Parsons  turbine  installed  at  the  Yoker 
station  of  the  Clyde  Valley  Power  Co.  are  stated  to  have  "  over  20,000  "  vanes, 
presumably  on  the  rotor.  This  gives  0*10  kilowatt  per  rotating  vane.  It  has  also 
been  stated  that  in  a  certain  Westinghouse-Parsons  600  kilowatt  turbine  there 
are  16,000  rotating  and  16,000  fixed  vanes,  or  0'031  kilowatt  per  rotating  vane. 


[To  face  page  122. 


''te^^^:^^^:^^^;^ 


THE  PARSONS  TURBINE 


123 


v^WO  U  JUV3^^ 


JIS%j 


124 


STEAM  TURBINE  ENGINEERING 


stationary  vanes  D  (Fig.  56).  The  contour  and  relative  position 
of  the  fixed  and  rotating  vanes  are  indicated  in  Fig.  61.  Going 
from  the  high-pressure  to  the  low-pressure  end  of  the  turbine,  the 


Fig.  60. — 400  K.W.  Westinghouse-Parsons  Turbine,  uncovered. 
(J.  R.  Bibbins,  The  Electric  Journal,  June  1905.) 

rings  increase  in  diameter.  Thus  in  the  design  illustrated  in  Fig. 
56  three  different  diameters  are  employed.  In  the  Westing- 
house-Parsons 400  kilowatt  turbine,  illustrated  in  Fig.  60,  there 
is  a  still  larger  number  of  different  diameters.     The  increase  in 
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Fig.  61. — Diagram  of  Brown  Boveri-Parsons  Vanes. 

diameter  of  the  drum  is  also  accompanied  by  an  increase  in  radial 
length  of  the  rotating  and  fixed  vanes.  This  is  most  clearly 
shown  in  the  turbine  illustrated  in  Fig.  62,  in  which  one  readily 
distinguishes,  from  an  examination  of  the  lop  half  of  the  casing, 
that  there  are  seven  difi'erent  lengths  of  vanes.     There  is  also  an 
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accompanying  increase  in  the  width  of  the  vanes.     Musil  states  ^ 
that  in  a  760  kilowatt  turbine  set,  which,  from  an  analysis  of  his 

'  Bau  der  Dampfiurbinen,  A.  Musil,  p.  102  (Leipzig,  B.  G.  Teubner),  1904. 
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data,  appears  to  have  a  speed  of  1500  revolutions  per  minute,  the 
proportions  are  approximately  as  follows  : — 


: 

First  Bow. 

'         Last  Row. 
900  mm. 

Diameter  to  middle  of  radial  depth  of  vane 

400  mm. 

Peripheral  sped  in  metres  per  sec.    . 
Pitch  at    diameter  to  middle  of    radial 

31 

70 

depth  of  vane 

Width  of  vane  in  direction  parallel  to  shaft 

5  mm. 

15  mm 

10  mm. 

20  mm. 

Radial  length  of  vane 

10  mm. 

1       150  mm. 

No.  of  vanes  per  ring         .... 

251 

1       188 

From  this  data  the  total  number  of  rings  of  vanes  on  the  rotor 
appears  to  be  about  68. 


:  .:^f^.^p^fS!^^^^^ 


8th  Row,  half  size. 


Section,  IJ  actual  size. 


11th  Row,  half  size. 

Fio.  68.— 400  K.W.  Westinghouse- Parsons  Turbine  Low-Pressure  Vanes. 

(J.  R  Bibbins,  Tht  Electric  Jmirnal,  June  1905. ) 

Photographs  of  low-pressure  rotor  vanes  of  the  400  kilowatt 
Westinghouse-Parsons  turbine,  already  illustrated  in  Fig.  60,  are 
shown  in  Fig.  63.  Vane  A  corresponds  to  the  eighth  and  vane 
B  to  the  eleventh  row.  The  section  of  the  vane  is  illustrated  by 
the  photograph  in  Fig.  63.  The  vanes  are  of  bronze,  and  are 
rolled  in  long  rods  and  afterwards  cut  up  into  suitable  lengths. 
It  is  stated  by  Musil  {Ban  der  Dampftnrhinen,  p.  1 03)  that  when 
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high  superheat  is  employed,  the  vanes  of  the  first  rings  are  of 
rolled  copper,  presumably  owing  to  the  lower  coefficient  of  expan- 
sion of  copper.  The  same  author  states  that  the  stress  per  vane 
is  scarcely  0-2  kilogram  at  full  load,  and  Messrs  Brown,  Boveri  & 
Co.  state  that  a  factor  of  safety  of  from  20  to  40  is  employed. 

Slots,  slightly  narrower  at  the  surface  than  inside,  are  turned 
in  the  periphery  of  the  drum.  Into  these  the  vanes  are  put  singly. 
Next  to  each  vane  comes  a  wedge  of  brass,  and  the  vanes  and 
wedges  are  caulked  so  as  to  fill  up  the  dovetail.  The  dovetail  is 
necessary  for  providing  the  support  for  resisting  the  centrifugal 


Fio.  64.— LongitudiDal  Section  of  part  of  Drum  and  Casing, 

with  combined  Fitting  and  Baffling  Rings, 

(H.  F.  FuUagar,  21932(1903).) 

force  on  the  rotating  vanes.  The  stationary  vanes  fixed  inside  the 
casing,  not  being  subjected  to  centrifugal  force,  require  no  dovetail. 
The  outer  ends  of  the  long  vanes  at  the  low-pressure  end  are 
bound  together  with  wire,  which  is  soldered  to  the  vanes.  In 
some  cases  the  vanes  are  turned  at  the  outer  end,  thus  providing  a 
flange,  which  is  soldered  into  a  complete  shroud. 

In  some  recent  cases  all  the  vanes  in  each  ring  are  bound 
together  ^  with  wire  at  their  outer  ends.  This  includes  fixed  vanes 
as  well  as  revolving  vanes. 

The  following  method  is  due  to  H.  F.  FuUagar,  and  is  covered 
by  Patent  No.  21932  (1903).     Figs.  64  to  68  and  76  illustrate  the 

*  "  In  the  4000  kilowatt  sets  at  Carville  it  has  been  considered  necessary  to 
lace  all  the  blades  in  both  high  and  low  pressure  chambers,  and  on  both  stator 
and  rotor"  {Electrician,  vol  67,  p.  426,  July  Ist,  1904). 
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method  of  fixing  the  blades  by  Fullagar's  construction.  Fig.  64 
is  a  longitudinal  section  througli  part  of  the  drum  and  casing  of  a 
turbine,  and  Fig.  65  is  a  section  through  the  line  A  A.     Fig.  66  is  a 


Fig.  65. — Developed  Section  on  A  A,  Fig.  64. 

perspective  view  of  a  portion  of  a  ring  of  blades  adapted  for  fixing  in 
a  groove  on  the  rotor  drum,  and  Fig.  67  shows  a  single  detached 
blade,     a  represents  the  rotary  drum,  and  c  the  rotating  blades ; 


\  \   \ 

M 


Fia.  66. — Perspective  View  of  Ring  of  Blades  in  an  Annular  Groove  in 
Rotary  Spindle  of  a  Turbine. 

while  h  represents  the  stationary  case,  and  d  the  fixed  blades.  The 
blades  c  and  d  are  cut  from  a  strip  of  rolled  or  drawn  metal  of  the 
required  crescent-shaped  section  ;  the  root  end  is  flattened  to  a 
wedge  shape  by  pressure  between  special  dies,  as  shown  at  C3. 
The  drum  a  and  casing  h  have  grooves  g  and  /«,  in  which  are  rings 
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of  brass  i.  In  the  flat  side  of  these  rings  are  cut  wedge-shaped 
notches  k,  into  which  fit  the  wedge  ends  of  the  blades,  which  latter 
are  secured  firmly  by  a  caulking  strip  ^,.  caulked  into  the  groove 
alongside  the  strip  i.  The  upper  ends  of  the  blades  are  completely 
encircled  by  what  is  designated  a  "  combined  fitting  and  baffling 
ring,"  shown  at  m  in  the  figures. 

These  rings  are  of  thin  metal  of  channel  section,  or  two 
channels  one  within  the  other,  and  are  formed  with  perforations  n, 
pitched  at  the  required  distance  to  receive  projections  o  on  the 
outer  ends  of  the  blades,  to  which  the  rings  vi  are  secured. 
Leakage  of  steam  is  prevented  by  the  close  proximity  of  the 
baffling  rings  and  the  un-slotted  faces  of  the  rings  i. 

It  is  claimed  that  by  the  means  described  the  rings  of  blades 
will  be  rendered  strong  and  light,  and  can  be  easily,  quickly,  and 
cheaply  machined  to  fit  the  casing  and  spindle  or  drum. 


Fio.  67. — C*  is  inlet  edge,  C"  is  outlet  edge. 

Fig.  68  shows  the  appearance  of  a  portion  of  the  finished 
blading  on  the  turbine  shaft. 

Messrs  Brown,  Boveri  &  Co.  state  that  there  is  a  clearance  of 
from  3  to  4  mm.,  in  a  direction  parallel  to  the  shaft,  between  the 
fixed  and  moving  vanes,  and  a  radial  clearance  of  from  2  to  3  mm. 
between  the  extremities  of  the  moving  blades  and  the  inner  walls 
of  the  casing.  It  is  stated  that,  in  spite  of  allegations  to  the 
contrary,  it  has  been  found  that  these  comparatively  large  clear- 
ances do  not  entail  any  appreciable  sacrifice  in  economy. 

The  chief  consideration  underlying  the  employment  of  many 
stages  is,  that  it  permits  of  a  reduction  of  the  speed  of  the  turbine,  as 
expressed  in  revolutions  per  minute,  together  with  a  further  reduc- 
tion in  the  peripheral  speed.  It  might,  with  a  fair  approximation 
to  the  truth,  be  said  that  it  permits  of  a  reduction  in  the  magnitude 
of  the  product  of  these  two  quantities.  This  is,  of  course,  very 
desirable,  since  not  only  does  it  avoid  the  necessity  of  resorting  to 
speed-reduction  mechanisms,  but  it  permits  of  restricting  the 
stresses  in  the  material  of  the  rotating  wheel  to  values  not  very 
greatly  in  excess  of  those  heretofore  customary  in  machine  design. 
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Theorising  aside,  it  appears  in  practice  to  be  fairly  conclusively 
established  that  the  modern  examples  of  large  Parsons  turbines 
show  an  excellent  steam  economy,  in  spite  of  the  possibly  more 
rational  lines  on  which  it  is  maintained  that  some  of  the  more  recent 
types  have  been  designed.  In  fact,  it  is  the  contention  of  the 
advocates  of  the  Parsons  type  that  it  excels  precisely  in  virtue 
of  the  employment  of  the  impact  and  reaction  principles  in  such 
combination  as  to  obtain  the  maximum  resultant  of  advantages. 
By   means  of  the  large  number  of  stages,  the  diameters  of  the 


Fio.  68. — Willans- Parson 8  Turbine. 
Fixed  and  Moxdng  Vanes. 

wheels  are  so  greatly  reduced  as  to  largely  ofiFset  the  tendency  to 
increased  friction  loss  due  to  rotation  in  a  medium  of  rather  high 
average  density.  Whereas  the  peripheral  speed  employed  in  the 
largest  size  of  the  de  Laval  type  amounts  to  425  metres  per 
second,  the  peripheral  speed  employed  by  Messrs  Parsons  rarely 
exceeds  125  metres  per  second,  even  in  their  largest  sets,  which 
are  of  several  thousand  kilowatts  rated  capacity.  Considerably 
smaller  peripheral  speeds  are  employed  in  their  smaller  sets. 

The  balance  pistons,  to  which  reference  has  already  been  made 
on  p.  120,  are  shown  at  E  E  E  of  Fig.  56,  three  sets  being  employed 
in  this  design.     The  passages  cored  out  in  the  casing,  and  communi- 
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eating  with  the  balance  pistons,  are  indicated  at  F  F  F.  In  some 
designs  (especially  for  large  sizes))  some  of  these  cored-out  passages 
are  replaced  by  pipes  external  to  the  casing.  This  plan  is  adopted 
in  the  Westinghouse-Parsons  design  illustrated  in  Fig.  57,  p.  122. 
Annular  grooves  in  the  rims  of  the  balance  pistons  admit  annular 
projections  from  the  casing.  This  labyrinth  construction  is  found 
to  efTectually  prevent  undue  leakage  of  steam  past  the  balance 
pistons.  The  small  leakage  of  steam  actually  occurring  is  drained 
off  to  the  condenser  through  the  pipe  F'.  A  similar  construction 
is  employed  to  prevent  leakage  at  G  G'  where  thie  shaft  emerges 
from  the  casing.  At  G',  at  the  low-pressure  end,  steam  is  led  to 
the  annular  groove,  to  more  effectually  prevent  the  entrance  of  air. 
There  are  thus  in  the  Parsons  turbine  no  rubbing  surfaces 
exposed  to  steam. 

The  steam  is  admitted  at  the  high-pressure  end  H  (Fig.  56), 
and  after  following,  parallel  to,  but  spirally  about,  the  shaft  in  its 
course  past  the  fixed  and  movable  vanes,  arrives  at  the  outlet  J, 
leading  to  the  condenser.  On  occasions  when  the  turbine  must 
temporarily  operate  non-condensing,  the  valve  K  is  opened,  and 
the  steam  is  admitted  direct  to  an  intermediate  stage  of  the 
turbine.  This  enables  the  turbine  to  carry  its  load,  though,  of 
course,  at  the  cost  of  an  increased  steam  consumption,  as  expressed 
in  kilograms  of  steam  per  kilowatt-hour  of  output. 

Messrs  Parsons  have  used,  for  turbines  of  over  2000  revolu- 
tions per  minute,  and  up  to  800  horse-power,  a  design  of  flexible 
bearing  to  reduce  the  effect  on  the  foundations  of  any  vibration 
in  the  shaft,  and  to  permit  the  rotor  to  revolve  about  the  centre  of 
gravity. 

This  main  bearing  consists  of  four  concentric  bronze  bearing 
liners,  with  O'l  millimetre  (0*004  inch)  clearance  between  each 
pair,  and  with  provision  for  supplying  oil  between  each  pair. 
This  gives  several  films  of  oil  to  provide  cushioning  when 
vibration  occurs,  and  to  accomplish  the  purpose  for  which  de  Laval 
used  a  flexible  shaft,  that  is,  to  allow  for  the  unavoidable  slight 
difference  between  the  centre  of  gravity  and  centre  of  rotation. 

In  larger  machines  which  run  at  lower  speeds,  such  good 
results  have  been  accomplished  in  balancing  that  the  ordinary 
single  spherical-seated  white-metal-lined  shell  is  used.  This  type 
is  cooled  with  water  from  a  low-pressure  supply.^ 

*  The  qnADtity  of  water  varies,  according  to  the  size  of  turbine,  from 
^  litre  to  3  litres  per  second  (or  400  to  2400  gallons  per  hour)  {Ban  der  Dampf- 
turhinerif  A.  Musil,  p.  109). 
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Beajing  Pressure. — The  product  of  peripheral  velocity,  in 
feet  per  second  and  pressure  in  pounds  per  square  inch,  is 
generally  2500  (in  some  cases  3000),^  according  to  London,  and 
in  a  1000  kilowatt  Brush-Parsons  turbine,  the  rotor  of  which 
weighs  6300  lbs.,  this  product  is  1500.2 

Thrust  Bearing. — Fig.  69  shows  clearly  the  method  of 
adjusting  the  position  of  the  moving  vanes  with  reference  to  the 
fixed  vanes.  The  lower  half  of  the  bearing  is  fixed  and  the  collars 
on  the  shaft  are  in  contact  on  their  left  side  in  the  figure,  while 
the  upper  half  is  adjustable  along  the  shaft  and  takes  the  thrust 


Fio.  69.— Brush-Parsons  Thrust  Blocks. 
JV.  Chilton,  Tvsl.  KE.  Mehr.,  Feb,  2,  1904. 

on  the  opposite  side  of  these  collars.  It  is  thus  evident  that  the 
shaft  cannot  move  either  to  the  right  or  the  left. 

Regulator. — A  simple  and  ingenious  piece  of  mechanism  is 
employed  to  control  the  quantity  of  steam  admitted  according  to 
the  load  on  the  turbine. 

Messrs  Brown,  Bo veri  &  Co.'s  construction  is  illustrated  in  Fig.  70. 

The  admission  of  steam  into  the  turbine  is  not  continuous,  but 
consists  of  a  series  of  intermittent  admissions  of  steam  (gusts),  at 
regular  intervals,  at  a  frequency  of  about  150  to  250  per  minute, 
according  to  the  size  of  the  turbine.  The  duration  of  each  of 
the«e  gusts  is  controlled  by  the  regulator,  and  is  longer  or  shorter 
according  to  the  load. 

>  "  Mechanical  Construction  of  Steam  Turbines,"  W.  A.  J.  London,  Proc. 
Inst.  EUc.  Engrs.,  vol.  35,  p.  189,  June  1905. 

*  "  The  Steam  Turbine,"  W.  Chilton,  Manchester  Local  Section,  Proc,  Inst, 
EUc  Engrs,^  vol.  33,  p.  587,  February  2nd,  1904. 
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The  steam  enters  through  a  valve  V,  which  is  given  a  vertically 
oscillating  motion,  and  which  for  heavy  loads,  and  corresponding 
steam  consumptions,  remains  at  each  admission  raised  for  a 
longer  time  than  it  remains  on  its  seat,  thus  admitting  more 
steam,  and  vice  versa  for  light  loads.     This  is  accomplished  thus : — 

The  opening  and  closing  of  the  valve  V  is  controlled  by  a 
«mall  piston  B  mounted  above  the  valve.  On  the  lower  face  of 
this  piston  the  steam  pressure  acts,  while  it  tends  to  stay  at  the 


Fio.  70. — Brown  Bo veri- Parsons. 

lower  end  of  its  cylinder  by  action  of  a  strong  spring  pressing  on 
its  upper  face. 

An  auxiliary  valve  with  spindle  G,  possessing  an  oscillatory 
movement  from  an  eccentric  X  (Figs.  70  and  59),  causes  the 
lower  face  of  the  piston  B  to  communicate  with  the  exhaust, 
and  thus  the  valve  V  falls  again  to  its  seat. 

The  spindle  G  of  this  auxiliary  valve  is  linked  up  to  the  muff 
M  of  the  ball  governor  R,  which  latter  thus  augments  or  dim- 
inishes the  amplitude  of  the  oscillations  of  the  valve  G,  and  in 
consequence  causes  the  valve  V  to  open  a  longer  or  shorter  time 
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after  its  closing.  This  arrangement  allows  of  a  very  sensitive 
regulation  of  the  steam  admitted,  always  at  full  pressure,  accord- 
ing to  the  load. 

Figs.  71,  72  show  three  curves  illustrative  of  the  action  of  this 
regulator,  published  by  Messrs  Brown,  Boveri  &  Co. 
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Fig.  71.— Admission  Pressure  Diagrams,  Condenser  Pressure  being 
0-9  Kg.  per  Sq.  CnL 

Curve  A.  shows  the  pressure  at  the  turbine  for  full  load,  curve 
B  at  half  load,  and  C  shows  the  effect  of  a  sudden  change  from  three- 
quarters  of  full  load  to  no  load.  The  point  brought  out  by  these 
curves  is  the  duration  of  each  period  of  admission  of  steam,  which 
they  show  to  be  greatest  at  full  load,  less  at  three-quarter  and  half 
loads,  and  very  small  at  no  load. 

The  fact  that   the  no-load  curve  does   not  rise  to  near  the 


Fio.  72. — Diagram  of  Admission  Pressure  during  Sudden  Change  in  Load. 

maximum  pressure  of  about  10  kilogram  per  sq.  cm.  is  most  likely 
due  to  the  sluggishness  in  the  recording  apparatus  for  such  a 
very  short  interval  of  time  as  the  period  of  steam  admission  at 
no  load. 

Lubrication. — Eotary  oil-pressure  pumps,  driven  in  most 
instances  from  the  turbine  shaft,  supply  a  constant  flow  of 
lubricant  under  a  pressure  of  30  lbs.  per  square  inch  or  less, 
depending  on  the  size  of  the  unit. 
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The  consumption  of  oil  for  different  sizes  of  Parsons  turbines 
may  be  summarised  thus: — 

Table  XXXV. 


Bated  Hone-power. 

Total  GonBamption  of  Lubricating  OU. 

Gms.  per  hour.          Qms.  per  H.p.  lionr. 
30                               -3 

LbB.  per  1000  H.-p.  boun. 
•66 

100 

1600 

160                               -1 

•22 

6000 

260               '               06                                 11 

1 

A  Brpwn-Boveri-Parsons  turbo-dynamo  is  illustrated  in  Fig. 
73^  and  index  letters  are  placed  adjacent  to  the  various  parts. 

In  Fig.  74  is  shown  a  3200  kilowatt  Brown-Boveri-Parsons 
three-phase  4-pole  generating  set,  installed  at  the  Frankfort  Electri- 
city Works.  The  set  runs  at  1360  revolutions  per  minute,  the 
periodicity  being  45-3  cycles  per  second.  It  has  a  length  of  16 '5 
metres  and  a  maximum  width  and  height  of  2*5  metres.  The  per- 
formance of  this  set  is  shown  by  the  tests  in  section  xx.  of  Table 
XXXVII.,  on  p.  156.  The  turbine  has  two  casings,  for  the  high  and 
low  pressure  sections  respectively.  This  construction  permits  of 
employing  an  extra  bearing  midway  along  the  length  of  the  shaft. 

Another  photograph  of  this  same  set,  taken  while  it  was  under 
test  at  the  manufacturers'  works,  is  reproduced  in  Fig.  75. 

The  largest  set  as  yet  undertaken  by  Messrs  Brown,  Boveri  & 
Co.  is  that  for  the  Electricity  Works  at  Essen.  The  normal  rating 
of  the  turbine  is  10,000  horse-power,  and  this  power  is  employed 
in  driving  two  generators, — one  an  alternator  of  5000  kilowatt  rated 
capacity,  and  the  other  a  continuous-current  dynamo  of  1500  kilo- 
watt rated  capacity.  The  turbine  itself  is  about  7  metres  long. 
The-  complete  set,  including  the  dynamos,  is  18  metres  long  and  3 
metres  high.     Its  total  weight  is  180,000  kilograms. 

The  5500  kilowatt  Westinghouse-Parsons  turbo-generating 
sets,  of  which  eight  sets  ^  have  been  installed  at  the  Chelsea  power- 
house of  the  Underground  Electric  Railways  Co.  of  London,  differ 
considerably  in  appearance  from  the  designs  of  Messrs  Brown, 
Boveri  &  Co.  and  Messrs  C.  A.  Parsons  &  Co.  This  difference  is 
chiefly  attributable  to  the  plan  of  admitting  the  steam  to  the 
cylinder  at  a  point  midway  between  bearings,  and  letting  it  flow 

^  The  completed  power  station  will  contain  ten  of  these  5500  kilowatt  sets 
and  an  auxiliary  2750  kilowatt  nnit 
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in  opposite  directions  through  the  cylinders,  the  steam  ultimately 
flowing  off  from  both  ends  to  the  condenser.     This  construction 
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eliminates  end  thrust,  and  obviat'OS  the  necessity  of  employing 
balance  pistons.  The  design  is  shown  in  plan  and  elevation  in 
Figs.  383,  384,  pp.  540,  541. 
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The  photographs  in  Figs.  77,  78,  and  79  give  an  excellent 
idea  of  the  appearance  of  the  sets  as  installed.  Fig.  79  gives  a 
view  of  the  inside  of  the  lower  half  of  the  casing,  and  shows  the 
stator  blades  in  place.     Fig.  80  is  a  photograph  of  the  rotor,  and 


Fio.  76.--Willau8-Par8on8-Fullagar  Shrouded  Vanes. 

Fig.  81  shows  the  turbine  cases  under  construction.  These  sets 
run  at  1000  revolutions  per  minute,  supplying  current  at 
33-l/3rd  cycles  per  second  and  11,000  volts.  The  generators  have 
four  poles.      The   turbines  are   described   by  the  Westinghouse 
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Co.  as  being  of  the  single-cylinder  double-flow  type.  They  are 
designed  for  an  absolute  admission  pressure  of  12*7  kilograms  per 
square  centimetre,  with  a  superheat  of  55*5°  Cent,  and  with  a 
vacuum  of  from  86*6  per  cent,  to  90  per  cent.  (i.«.  26"  to  27"). 


Fio.  80.— Rotor,  5500  K.W. 


The    steam    consumption    under    these    conditions    was    stated 
to  be  *  approximately '  as  follows : — 


Oatpat. 

Egg.  steam 
86-8  per  cent,  racaam. 

9-8 

9-5 
10-5 
11-25 

perK.W.H. 
00  per  cent,  vacuam 

IJ  load  («875  K.W.)       . 
Full  load  (6500  K.W.)    . 
1  load  (4125  K.W.) 
1  load  (2750  K.W.) 

8-3 

8-05 

9-2 

9-8 

These  figures  are  not  test  results,  but  are  evidently  guarantees. 

On  the  basis  of  these  figures,  the  velocity  of  steam  in  the  pipe 
leading  to  turbine  works  out  at  about  8  metres  per  second  (1600 
feet  per  minute)  at  full  load,  and  48  metres  per  second  (960  feet 
per  minute)  at  half  load.  For  the  similar  3500  kilowatt  sets  at 
Neasden  (Metropolitan  Eailway)  the  steam  velocity  works  out 
at  about  9*4  metres  per  second  (1850   feet  per   minute).     The 
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sets  are  capable  of  sustaining  an  overload  of  50  per  cent  by  the 
aid  of  automatic  by-passes. 

The  steam  first  passes  through  the  main  'disc  type'  stop 
valve,  which  is  controlled  from  the  platform  by  a  hand  wheel 
through  gearing.  It  then  flows  through  an  emergency  shut-down 
valve,  a  strainer,  and  a  double -seated  pdppet  governor  valve,  the 
latter  being  operated  by  a  steam  relay  controlled  by  the  centri- 
fugal governor,  this  admission  valve  being  thereby  directly  con- 
trolled by  the  speed  of  the  turbine. 

At  the  end  of  the  shaft  opposite  to  that  at  which  the  centri- 
fugal governor  is  attached  is  fitted  an  emergency  governor ;  this 
latter  acts  if  the  speed  of  the  turbine  rises  to  a  predetermined 
maximum  and  the  centrifugal  governor  fails  from  any  cause, 
opening  an  auxiliary  valve,  which  in  turn  closes  the  emergency 
throttle  valve. 

After  entering  at  the  centre  of  the  cylinder,  the  steam  next 
passes  through  a  series  of  nozzles  and  impulse  blades,  this 
operation  being  repeated  until  the  steam  has  expanded  approxi- 
mately to  atmospheric  pressure.  Then  the  steam  passes  through 
a  series  of  pressure  blades  "  on  the  Parsons  principle  "  ^  until  the 
exhaust  is  reached.  A  thrust  block  is  fitted  at  the  extreme  end 
of  the  cylinder,  but  as  there  is  no  end  thrust,  owing  to  the  use  of 
the  *  double-flow'  design,  this  is  only  required  for  the  longi- 
tudinal adjustment  of  the  rotor. 

The  rotor  is  constructed  as  a  rolled  steel  drum  with  a  diameter 
of  1*95  metres,  thus  giving  a  peripheral  speed  at  the  root  of  the 
vanes  of  103  metres  per  second.  A  forged-steel  umbrella-shaped 
disc  is  shrunk  into  each  end,  and  at  the  same  time  the  ends  of 
the  high-carbon  steel  shaft  are  pressed  into  these  discs,  thus 
giving  a  very  light  and  strong  construction.  The  construction  is 
stated  to  have  the  advantage  of  *  virtually '  eliminating  the  balan- 
cing difficulties  met  with  in  cast-steel  and  other  non-homogeneous 
materials.  The  material  can  be  depended  upon  for  uniform 
density  throughout,  and  by  machining  it  to  gauge  a  perfect 
balance  should  be  obtained.  The  first  series  of  blades  are  of 
drop-forged  steel,  and  are  dovetailed  in  form,  and  are  caulked 
into  grooves  cut  in  the  surface  of  the  cylinder.  The  low-pressure 
blades  are  made  of  delta  metal,  in  order  to  avoid  any  corrosion  due 
to  wetness  of  the  expanding  steam. 

It  is  stated  that  the  combination  bed  plate  of  each  turbo- 
generator weighs  about  52,000  kilograms  (52  tons). 

*  The  Tramway  and  Railtcaij  World^  February  1905. 
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This  same  double-flow  design  is  employed  in  the  three-phase,  25 
cycle,  2000   kilowatt,  1500  r.p.m.,  11,000   volt  turbo-generating 
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sets  supplied  by  the  Westinghouse  Co.  for  the  Clyde  Valley  Power 
Co.'s  station  at  Yoker. 

The  Westinghouse  Co.  are  employing  the  double-flow  type  as 
their  standard  design,  only  the  early  machines  and  the  small 
sizes  being  of  the  single-flow  type.  A  section  of  an  early  Brush- 
Parsons  turbo-generator  is  shown  in  Fig.  84. 
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The  largest  turbo-generators  probably  ever  yet  undertaken 
are  two  7500  kilowatt  units,  for  which  the  New  York  Edison 
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Company  has  concluded  negotiations  with  the  Westinghouse  Co., 
and  two  8000  K.W.  units  of  another  type  (see  p.  209). 

It  is  stated  that  this  plant  will  be  installed  in  one  of  the 
largest  and  most  up-to-date  American  Central  Stations — Waterside 
No.  2 — which  will  ultimately  contain  ten  units  of  the  same  size. 
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The  rough  overall  dimensions  are  given  as — length  15*3 
metres,  width  5*2  metres,  weight  4-6  metres,  floor  space  7950 
square  decimetres,  or  1*06  square  decimetre  per  kilowatt  output. 

These  figures  are  published  too  late  to  be  added  in  the  curves 
of  Figs.  86  to  89,  but  they  have  been  included  in  Table  XXXVI., 
where  comparison  can  be  made  with  other  sets. 

A  surface  condenser  will  be  located  beneath  the  turbine  in 
the  foundations  proper.    The  makers  state  that  this  arrangement 
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Fio.  86. — Approximate  Total  Weights  of  Turbo-Generators  of  the  Parsons  Type. 

is  in  all  respects  equivalent  to  that  claimed  as  the  special  property 
of  the  vertical  type  of  turbine,  which  the  makers  of  the  latest 
type  state  needs  considerable  extra  space  for  condenser  and 
turbine  auxiliaries.  The  new  turbines  will  operate  at  approxi- 
mately 175  lbs.  pressure,  28  incn  (93*3  per  cent.)  vacuum,  and 
100"  F.  (55'5  C.)  superheat,  the  normal  speed  being  750  revolutions 
per  minute.  Under  these  conditions  the  steam  consumption  is  cal- 
culated at  about  16  lbs.  (7-25  kilograms)  per  kilowatt-hour  at  full 
rated  load. 
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There  will  be  a  maximum  overload  capacity  of  50  per  cent, 
without  material  sacrifice  in  efficiency  or  undue  heating  of  the 
generator  after  several  hours'  run. 

At  this  overload  each  turbine  will  develop  over  15,000  horse- 
power at  the  shaft,  which  is  reckoned  as  being  the  greatest 
amount  of  power  ever  developed  in  a  single  prime  mover  in 
stationary  service. 

The  direct-connected  generators   will  be  standard  Westing- 


T 

■ "" 

"""t 

^ 

T" 

■    x 

/ 

:      t 

J. 

\ 

r 

^L^ 

-itit-y 

t 

Z-,^ 

3 

J    n^ 

I 

^ 

\ 

_^  A 

t 

I 

IH       ^t 

8  '^** 

y 

\ 

J^t^ 

f 

V 

■^"^5^ 

v;j 

N 

^J. 

^ 

szs 

9WitU 

^ 

M 

0  , 

Ir.ws 

§  JOOO 

y-m 

K  c  r, 

\r 

tot 

8i 

Ci 

^e 

A 

^\ 

A6» 

n  < 

^ 

tr 

4^ 

s 

/ 

-Sit 

Q  ^^ 

7 

t 

"It- 

tooo 

/ 

-»       ^1 

:    H^z 

a        ^ 

§2e^» 

-^  ^2fih 

Iff 

^Sl* 

-t^^W- 

^^ 

^ 

'^ 

^^ 

^^ " 

^EL  ^"^^L 

' 

^ 

KXO 


J L 


2DOO  3OO0 

I     floor  3 fixe,    /r 


4000  3000 


Squ/treJJect 


moo 


i,-4^. 


*  ''*  ••*  -8  /O  /'Z  /-^ 

Fio.  87. — Approximate  Floor  Space  occupied  by  Turbo-Generators  of  the 
ParsoDB  Type. 

house  construction,  following  the  new  enclosed  design,  which  is 
said  to  eliminate  the  hum  associated  with  high-speed  machines. 

They  will  deliver  three-phase  current  at  6600  volts  and  25 
cycles. 

The  efficiency  at  full  rated  load  approximates  to  97*5  per  cent. 

Messrs  Willans  &  Eobinson's  design  of  the  Parsons  turbine 
is  identical  with  the  Parsons  standard  type  in  principle  and  in  its 
main  features,  and  only  in  details  of  design  and  manufacture 
are  there  any  diflferencea  To  facilitate  opening  up  the  turbine 
for  inspection,  the  governor  gear,  oil  pump,  and  steam  and  water 
piping  have  been  arranged  mounted  on  the  bottom  half  of  the 
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casing,  thus  leaving  the  top  half  of  the  case  free  for  immediate 
removal. 

Fig.  90^  shows  a  1000  kilowatt  Willans-Parsons  turbine 
opened  up.  It  will  be  noted  that  the  top  cover  is  hung  on  hinges 
whereby  it  is  swung  over  in  a  convenient  position  for  inspection. 

The  governor  gear  has  been  simplified  and  made  more  reliable, 
with  a  view  to  obtaining  good  results  in  the  direction  of  close 
governing. 

All  the  turbines  are  fitted  with  by-pass  valves  which  open 
automatically  when  the  maximum  economical  output  is  exceeded, 
and  by  these  means  any  required  overload  can  be  obtained. 

The  length  of  the  turbine  has  been  reduced  by  a  rearrangement 
of  the  balancing  passages,  and  for  the  large  balance  piston  at  the 
high-pressure  end  has  been  substituted  a  considerably  smaller  one 
at  the  low-pressure  end. 

The  vanes  are  fixed  in  position  by  the  method  under  the  patent 
of  H.  F.  Fullagar  (No.  21932  (1903)),  to  which  reference  has 
already  been  made  on  p.  127. 

In  the  Parsons  turbine,  efficiency  depends  on  the  small 
clearances  between  the  outer  ends  of  the  turbo-vanes  and  the 
cylinder  casing,  and  also  between  the  ends  of  the  fixed  vanes  and 
the  outer  periphery  of  the  revolving  drum,  and  such  leakage  as 
occurs  over  the  ends  of  the  blades  is  in  a  direction  contrary  to, 
and  tending  to  destroy,  the  properly  directed  stream  of  steam. 

In  the  WiUans  construction,  for  prevention  of  leakage, 
reliance  is  made  on  the  small  clearance  between  the  baffling  rings 
and  the  collars  on  the  rotating  drum  which  hold  the  fixed  vanes, 
and  such  leakage  as  may  occur  will  not  be  liable  to  seriously  affect 
the  direction  of  the  acting  stream  of  steam. 

With  high  pressure,  superheated  steam,  and  a  good  vacuum, 
the  makers  guaranteed  a  steam  consumption  not  exceeding  17 
to  18  lbs.  per  (7*75  to  8*2  kilogram)  kilowatt-hour  on  a  1000 
kilowatt  turbine  coupled  to  an  alternating  current  generator. 

Fig.  85  represents  the  Brush  Co.'s  new  type  of  1000 
kilowatt  turbine,  which  embodies  several  special  features  (a 
sectional  drawing  of  this  turbine  is  given,  facing  p.  148). 

The  overall  length  has  been  considerably  reduced,  and  in  the 
case  of  the  1000  kilowatt  turbines  the  overall  length  is  about 
1*2  metres  (4  feet)  shorter  than  the  standard  1000  kilowatt 
design. 

The  overall  length  of  turbine  and  dynamo  is  about  8  metres 
^  Fig.  90,  next  page. 
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against  11  metres,  the  mean  length  for  a  1000  kilowatt  set,  as 
shown  by  curve  in  Fig.  89. 

The  valve  chest  is  arranged  at  the  side  of  the  bottom  half  of 
cylinder,  thus  allowing  the  cylinder  to  be  opened  out  for  inspec- 
tion without  breaking  any  steam-pipe  joints,  whereas  in  the 
Parsons  standard  types  the  steam-pipe  joints  have  to  be  broken, 
and  in  the  larger  sizes  the  valve  chest  has  to  be  lifted  off 
as  well 

The  main  bearings  are  made  adjustable  both  vertically  and 
horizontally,  and  are  also  supported  on  spherical  seats. 

The  oil  pump  is  a  rotary  one  instead  of  reciprocating,  and  in 
the  1500  kilowatt  size  and  above  it  is  driven  separately  by  a 
motor,  and  the  governor  driven  direct  from  the  turbine  shaft, 
thus  dispensing  with  worm  gear  and  toothed  wheels. 

The  turbines  and  generators  are  carried  on  one  continuous 
underbed  of  very  stiff  box  section,  which  ensures  much  better 
alignment  of  plant  when  being  erected  on  site. 

The  oil  cooler  is  contained  in  this  underbed,  another  portion  of 
which  is  used  as  an  oil  reservoir. 

The  main  lubricating  pipes  are  also  contained  in  the  underbed, 
giving  the  plant  a  neater  appearance. 

Fig.  84  illustrates  the  original  Brush-Parsons  1000  kilowatt 
turbo-generator,  and  is  shown  with  the  latest  type  (Fig.  85), 
whereby  some  interesting  comparisons  may  be  made. 

In  Table  XXXVI.  have  been  compiled  some  general  particulars 
of  a  number  of  representative  Parsons  turbo-generating  sets  of 
various  manufacture,  and  of  outputs  ranging  from  300  kilowatt 
to  7500  kilowatt. 

From  the  data  contained  in  this  table  the  curves  in  Figs.  86, 
87,  88,  and  89  have  been  plotted. 

Fig.  86  shows  the  weight  of  complete  sets  and  the  weight  per 
kilowatt  output,  plotted  against  rated  output.  In  Fig.  87  are 
plotted  total  floor  space  occupied  by  the  complete  set,  and  the 
floor  area  per  kilowatt  output,  plotted  against  output. 

Fig.  88  shows  the  approximate  overall  length  of  combined 
sets,  and  in  Fig.  89  a  curve  is  plotted  showing  the  variation  of 
rated  speed  of  Parsons  turbines  with  the  rated  output. 

The  points  representing  the  position  of  the  various  machines 
given  in  Table  XXXVI.  are  marked  on  these  curves  with  numbers 
corresponding  to  the  reference  numbers  in  column  1  of  Table 
XXXVI. 
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TaBLB  XXXVI.— SoHB  PARTICULiLBS  OF  DiHENBIONS  AND  WEIGHTS  OF  TuRBO- 

Generators  of  Parsons  Type. 
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Brown-Boveri.  Gen. 


Parsons  Turbine   and 
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Westinghouse-Parsons. 


166  STEAM  TURBINE  ENGWEERtNG 

We  purpose  now  to  consider  the  question  of  steam  consump- 
tion of  the  Parsons  steam  turbine.  The  results  of  a  very  large 
number  of  careful  tests  are  available,  and  these  have  been  brought 
together  in  Table  XXXVII.  As  in  the  case  of  the  corresponding 
discussion  of  the  de  Laval  sets,  we  have  assumed  a  hypothetical 
direct-connected  dynamo  in  those  cases  where  no  dynamo  was 
present,  and  we  have  suitably  modified  the  results  by  means  of 
the  dynamo  eflBciency  curves  in  Figs.  16  to  19  (see  pp.  38  and  39 
of  Chapter  III.)  so  as  to  express  the  steam  consumption  in  terms 
of  the  kilograms  of  steam  per  kilowatt-hour  output  from  this 
hypothetical  dynamo.  In  cases  where  the  tests  were  originally 
made  with  a  direct-connected  dynamo,  no  reference  to  the  effici- 
ency curves  of  Figs.  16  to  19  has  been  necessary. 

The  most  striking' point  revealed  by  an  analysis  of  the  tests 
set  forth  in  Table  XXXVII.  is,  that  the  steam  consumption  is 
practically  independent  of  the  admission  pressure  for  a  very  wide 
range  of  pressures.  We  were,  of  course,  aware  that  the  admission 
pressure  made  far  less  difference  than  in  the  case  of  reciprocating 
steam  engines.  We  find,  however,  that  for  a  vacuum  of  86*6  per 
cent,  and  for  50°  Cent,  of  superheat,  of  two  turbines  of  a  given 
rated  capacity,  but  designed,  say,  the  one  for  an  absolute  admission 
pressure  of  7  metric  atmospheres,  and  the  other  for  14  metric 
atmospheres,  the  steam  consumption  is,  on  the  average,  generally 
just  about  the  same.  It  may  be  of  interest  to  describe  the  rough 
hut  practical  methods  of  analysis  by  which  we  have  arrived  at 
this  result. 

Individual  tests  on  a  particular  turbine  at  different  pressures 
naturally  give  results  showing  a  slight  variation  with  the  pressure, 
but  our  general  conclusion,  as  summed  up  above,  is  based  upon  the 
average  of  a  large  collection  of  tests,  and  may  fairly  be  taken  as 
corresponding  to  turbines  suitably  designed  for  the  pressures  with 
which  they  are  to  be  used. 

In  Figs.  91  to  98  are  plotted  the  results  of  tests  on  turbines 
of  the  same  rating  at  each  of  two  or  three  different  pressures  in 
each  case. 

In  all  these  figures  the  curve  A  corresponds  to  the  lower 
pressure,  curve  B  to  the  higher ;  and  in  cases  where  test  figures 
were  available  for  a  still  higher  pressure,  curve  C  is  drawn 
corresponding  thereto.  Out  of  all  the  numerous  test  figures 
available,  in  only  one  case  can  we  find  results  for  one  and  the 
same  turbine  tested  at  two  different  pressures  on  various  loads. 
These   results  relate   to  a  3200   kilowatt  Brown-Boveri-Parsons 
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turbo-generator,  and   are   taken   from   the   Eledrotechnische  Zeit- 
schrift,  Heft  35,  p.  749  (August  24th,  1904). 

The  tests  were  made  at  pressures  of  10  and  14  kilograms  per 
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ReroenC^e  of  /2///  /^At€d  LoacI, 
Fig.  92.— 200  K.W.  Parsons. 
Figs.  91  and  92. — Variation  in  Steam  Consumption  with  Change  in  Pressure. 

square  centimetre,  and  the  results  are  plotted  in  Fig.  98.  From 
the  curve  we  see  that  for  this  machine  the  steam  consumption  at 
full  load  decreased  from  6*86  kilograms  to  65  kilograms  for  an 
increase  in  admission  pressure  from  10  kilograms  per  square  centi- 
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metre  to  1 4  kilograms  per  square  centimetre ;  that  is,  a  40  per 
cent,  increase  in  pressure  gave  a  decrease  of  5*2  per  cent,  in  steam 
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Fig.  94.— 1000  K.W.     No.  XIV.  on  Tables  XXXVII.:and  XLII. 
FiGB.  93  and  94. — Variation  in  Steam  Consumption  with  Change  in  Pressure. 

consumption ;  the  decrease  in  steam  consumption  for  eacli  per  cent, 
increase  in  pressure  thus  being  0*13  per  cent,  at  full  load. 

The  two  curves  cross  at  about  42  per  cent,  of  full  load,  the 
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>ines  for  Driving  Dynamos,*'  C.  A.  Parsons  and  G.  G.  Stoney,  Paper  read  before  the  International 
>,  Glasgow,  1901,  Sec  III.  (mechanical),  and  arranged  by  the  Inst,  of  Mech.  Engrs.,  pp.  11  to  13. 

do.  do.  p.  16. 

rs.  Journ.,  vol.  xv.  p.  1252,  November  1903. 


e  Theoretical  and  Practical  Considerations  in  Steam  Turbine  Work,**  Tram.  A7tier,  Soe,  of  Mech, 
Table  of  Test  Results). 


e  Remarks  on  Steam  Turbine  Performances,"  Tratis,  of  the  Inter,  EUc.  Cong,,  St  Louis,  1904, 
93. 

k  Co.'s  Pamphlet  Turbines  d  VapeuTy  September  1904,  p.  39. 

3  Theoretical  and  Practical  Considerations  in  Steam  Turbine  Work,"  Trans,  Ainer,  Sue.  of  Mech. 
yr  1904,  p.  82. 

do.  p.  32. 

do.  p.  32. 
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steam  consumption  at  this  load  being  the  same  for  the  two 
different  admission  pressures.  For  loads  less  than  this,  the  steam 
consumption 'is  actually  greater  for  the  higher  pressure. 
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FiQ.  98.— 3200  K.W.  Brown-Boveri-Paraons  set. 
Figs.  97  and  98.— Variation  in  Steam  Consumption  with  Change  in  Pressure. 

A. — Messrs  Brown,  Boveri  &  Co.,  Turbines  d  Vapeur,  Sept.  1904,  p.  39. 
B. — *'  Trials  of  Turbines  for  Driving  Dynamos,"  by  C.  A.  Parsons  and  G.  G,  Stoney, 
International  Engineering  Congress,  Glasgow,  1901. 

This  is  probably  explained  by  the  loss  due  to  leakage  of  steam 
being  greater  the  higher  the  pressure  of  the  steam,  and  to  the 
increased  friction  due  to  rotation  in  a  denser  medium. 

In   each   of    the  other   Figs.,   91    to   97,   we  have   brought 
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together  turbines  of  the  same  rating  to  compare  their  steam 
consumption  at  different  pressures,  but  under  the  same  conditions 
as  to  vacuum  and  superheat. 

In  three  of  these  cases,  Figs.  91,  92,  93,  the  steam  con- 
sumption is  actually  higher  for  the  higher  pressure  at  full  load. 

This  result  is  contrary  to  experience,  and  we  would  attribute 
it  to  the  fact  that  in  each  case  the  tests  at  different  pressures 
were  made  on  two  separate  turbines,  when  slight  differences  in 
construction  and  workmanship  might  account  for  either  machine 
being  inferior  to  the  other  as  regards  steam  economy. 

In  the  four  cases  of  Figs.  94  to  97  the  results  are  similar  to 
that  in  Fig.  98  referred  to  above — viz.  at  light  loads  the  steam 
consumption  is  greater  for  higher  pressures,  and  at  loads  from 
about  one-half  load  and  upwards  the  consumption  is  smaller  for 
higher  pressures,  there  being  a  certain  load  where  the  consumption 
is  apparently  the  same  for  all  pressures. 

In  the  case  of  Fig.  94  the  two  curves  actually  cross  in  two 
places;  and,  bearing  in  mind  that  each  curve  is  for  a  different 
machine,  we  would  regard  this  as  evidence  of  the  differences  in 
steam  consumption  being  due  rather  to  differences  in  the  char- 
acteristics of  the  machines  than  to  the  effect  of  difference  in 
pressure. 

We  have  not  thought  it  sufficiently  justifiable  to  attempt  to 
determine  the  law  of  variation  of  steam  economy  with  pressure  on 
the  basis  of  these  results  to  any  degree  of  accuracy,  but  results  of 
tests  on  individual  turbines  with  varying  pressure  for  each,  at 
several  conditions  of  load,  would  be  very  desirable  for  this  purpose. 

We  also  obtained  from  various  manufacturers  of  the  Parsons 
type  of  steam  turbine  statements  indicating  that  in  their 
experience  the  variation  of  steam  consumption  with  varying 
admission  pressure  has  been  found  to  be  very  small  at  aU  loads, 
although  they  all  find  a  slowly  improving  economy  accompanying 
increasing  admission  pressure. 

With  non-condensing  sets  the  use  of  a  high  pressui-e  un- 
doubtedly has  a  marked  effect  in  improving  the  economy,  but  we 
consider  it  sufficiently  well  established  by  our  investigations  that 
for  turbines  of  the  Parsons  type,  as  at  present  designed  and  built, 
when  operated  with  a  good  vacuum,  the  improvement  in  economy 
from  an  absolute  admission  pressure  of  8  kilograms  per  square 
centimetre  upwards  is  so  slight  as  to  not  be  worth  taking  into 
account 

At  any  rate,  it  is  extremely  unlikely  that  an  improvement  in 
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steam  economy  of  more  than  about  O'lO  per  cent,  per  per  cent, 
increase  in  admission  pressure  will  be  oblained  at  full  load  under 
good  conditions  as  to  vacuum  and  superheat  for  an  absolute 
admission  pressure  of  7  kilograms  per  square  centimetre ;  and  this 
will  probably  decrease  to  an  improvement  of  not  more  than  005 
per  cent,  per  per  cent,  increase  in  admission  pressure  for  absolute 
admission  pressure  of  some  14  kilograms  per  square  centimetre. 
For  the  range  of  pressures  customarily  employed  (10  to  16 
absolute  atmospheres)  the  steam  consumption  at  full  load  can  thus, 
for  all  practical  purposes,  be  taken  as  independent  of  the  admis- 
sion pressure. 

It  is  somewhat  premature  to  announce  this  conclusion  prior  to 
the  description  of  the  following  exhaustive  analysis  of  published 
data  of  steam  comsumption. 

For  a  preliminary  assumption,  we  proceeded  to  ignore  the 
influence  of  variations  in  the  admission  pressure,  and  to  investigate 
the  laws  of  variation  with  vacuum  and  superheat. 

The  efifect  of  varying  vacuum  has  been  studied  by  a  number  of 
investigatora  The  results  on  five  different  turbines  at  full  rated 
load  are  shown  in  Fig.  99.  Representing  by  100  the  steam  con- 
sumption at  86'6  per  cent,  vacuum,  the  results  of  Fig.  99  have 
been  reproduced  in  Fig.  100,  and  it  appears  that  the  tests  are  in 
close  agreement  as  regards  the  percentage  variation  in  full  load 
steam  consumption  with  varying  vacuum,  as  to  be  represented  by 
a  single  curve.  In  other  words,  the  same  rate  of  variation  may,  for 
all  practical  purposes,  be  taken  for  all  sizes  of  Parsons  turbines. 

From  Fig.  100  we  see  that  a  Parsons  turbine  consumes  at  full 
load  38  per  cent,  more  steam  when  running  non-condensing 
than  when  running  with  a  vacuum  of  86'6  per  cent.  Of  course, 
there  may  be  considerable  variations  from  this  particular  percent- 
age in  individual  cases,  as  the  development  of  the  Parsons  turbine 
has  extended  over  many  years,  and  the  principles  of  design  have 
been  gradually  developed  during  this  time. 

Furthermore,  in  all  analyses  of  this  character  the  difficulty 
arises  that  a  turbine  is  designed  for  some  particular  pressure, 
vacuum,  or  amount  of  superheat,  and  hence  it  is  argued  that  com- 
parative tests,  when  one  of  these  conditions  is  varied,  do  riot  afford 
correct  information  as  to  the  relative  economy  of  turbines  designed 
for  the  different  conditions.  While  this  is  to  some  extent  true, 
the  conclusions  drawn  from  a  single  turbine  operated  under  varied 
conditions  may  nevertheless  often  afford  a  fairly  good  idea  of  the 
influence  of  such  variations,  even  )?hen  a  special  design  is  provided 
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for    each    case.     Thus    there    have   been  published  by   Barker 
(ETtgineerinff,  Feb.  19th,  1904,  p.  270)  the  two  curves  shown  in  Fig. 
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Fio.  99. — Steam  Consamption  with  Vaiying  Vacuum. 
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101.  These  show  the  variation  in  economy  with  varying  vacuum 
for  the  case  of  two  turbines,  one  (curve  A)  designed  to  run 
non-condensing,  and  the  other  (curve  B)  designed  to  run   con- 
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densing.     The  curves  fall  very  close  together,  and  the  conclusions 
drawn  from  either  curve  would,  for  the  practical  man,  give  the 
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required  informatiou  for  either  ease   with    sufficient    accuracy. 
Both  curves  were  taken  at  full  rated  load. 

It  is  next  necessary  to  investigate  the  effect  of  varying  vacuum 
at  other  than  full  rated  load.  Fig.  102  contains  results  repub- 
lished by  Messrs  Parsons  and  Stoney.  They  relate  to  tests  of  a 
500  kilowatt  set  at  quarter,  half,  and  full  load,  and  at  varying 
vacua.     The  corresponding  curves  in  Fig,  103  have  been  deduced 


-#tf         so         6C        T^ 

Pirceptd^e  ykcuym 
Fio.  102.~Steam  Consumption  with  an  Increase  in  Vacaum  for  a  500  K.W.  2500 
R.p.m.  Parsons  Turbo-Altei-nator,  Ahn,  Steam  Pressure  10*85  Kg^  and  no  Super- 
heat.    (*' Trials  of  Steam  Turbines  for  Driving  Dynamos/*  C.  A.  Parsons  and 
O.  6.  Stoney,  International  Engineering  Congress,  Glasgow,  1901,  Table  YII.) 

by  representing  the  steam  consumption  at  86'6  per  cent,  vacuum 
by  100  in  each  case.  From  the  relative  positions  of  the  three 
curves  of  Fig.  103,  it  is  evident  that  the  percentage  decrease 
in  steam  consumption  is,  for  a  given  increase  in  vacuum,  greater 
the  less  the  load. 

In  Figs.  104  and  105  are  given  corresponding  results  obtained 
by  Bibbins  on  a  300  kilowatt  turbine. 

It  is  assumed  that  the   percentage  improvement  in  economy 
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with  increasing  vacuum  is  independent  of  the  degree  of  superheat. 
There  is  as  yet  an  insufficiency  of  published  data  to  permit  us  to 
verify  this  assumption. 

Neither  the  tests  of  Parsons  and  Stoney  (Figs.  102  and  103) 
nor  those   of   Bibbins  (Figs.  104  and  105)  are  as  clear   as  they 
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Fig.  103. — Percentage  Variation  in  Steam  Consumption  with  an  Increase  in  Vacuum. 
A  600  K.W.  2500  R.p.m.  Parsons  Turbo- Alternator  at  Various  Loads,  with  a 
ConstAut  Absolute  Steam  Pressure  of  10 '85  Kgs.  and  no  Superheat. 

might  have  been  made  by  these  authors.    This  will  appear  from 
the  following  considerations : — 

In  Fig.  106  is  given  a  curve  of  the  steam  consumption  of  a 
500  kilowatt  turbine  set  at  no  load,  with  varying  vacuum,  absolute 
pressure  of  10*9  metric  atmospheres,  and  no  superheat.  This  is 
plotted  from  Table  8  of  Parsons  and  Stoney 's  paper,  and,  extended 
as  shown  by  the  dotted  line,  indicates  that  the  steam  consumption 
When  running  non-condensing  would  be  2900  kilograms  per  hour, 
or  3*10  times  as  great  as  for  an  86'6  per  cent,  vacuum.    In  this 
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same   paper    of    Parsons    and    Stoney    is    found    the   following 
statement : — 

"  In  non-condensing  plants  also  many  tests  have  been  made, 
but,  as  will  be  expected,  the  steam  turbine  compares  rather  more 
favourably  with  the  reciprocating  engine  in  condensing  types.  In 
a  100  kilowatt  size  a  consumption  of  39  pounds  per  kilowatt-hour 
has  been  attained,  and  in  a  250  kilowatt  turbo-dynamo  38  pounds 
per  kilowatt-hour,  both  with  about  130  pounds  steam  pressure  and 
no  superheat.     In  larger  sizes  of  1500  kilowatt  with  200  pounds 
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steam  pressure  and  150°  Fahr.  superheat,  a  consumption  of  28^ 
pounds  per  kilowatt-hour  non-condensing  has  been  guaranteed,  and 
is  expected  to  be  easily  attained,  if  not  surpassed." 

From  the  data  contained  in  this  statement  the  curve  of  Fig. 
107  has  been  constructed,  and  shows  for  running  non-condensing 
with  no  superheat  a  full  load  steam  consumption  of  16*5  kilo- 
grams per  kilowatt-hour  for  a  500  kilowatt  set. 

We  now  have  sufficient  data  of  the  500  kilowatt  set  to  work 
out  the  graphical  construction  shown  in  Fig.  108. 

We  obtain  the  full  load  point  for  other  than  an  86*6  per  cent, 
vacuum  by  applying  percentage  corrections  obtained  from  the  curve 
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of  Fig.  101.  The  steam  consumptions  at  no  load  for  different  vacua 
are  obtained  from  Fig.  106.  We  then  draw  straight  lines  connecting 
these  two  points,  and  can  thus  obtain  the  steam  consumptions  at 
intermediate  loads  by  interpolation.  In  the  curves  of  Fig.  108  we 
obtain  the  steam  consumption  in  kilograms  per  hour,  but  from 
these  values  are  readily  deduced  the  steam  consumptions  ex- 
pressed in   kilograms  per  kilowatt-hour   as  shown  in  Fig.   109. 


00    JO    M>    a[f    eo    w     60    90    w)    no    teo 
fkrc€nt^B  of  fuJt  /fkC9cf 

Fig.  109.— Steam  jwr  K.W.H.  500  K.  W.  Parsons  Turbine. 


Guided  by  the  conclusions  embodied  in  the  curves  in  Figs.  100  and 
109,  we  have  obtained  the  curves  in  Fig.  110,  which  show  for 
Parsons  turbines  at  full  rated  load,  half  load,  and  quarter  load  the 
percentage  decrease  in  steam  consumption  per  per  cent,  increase  in 
vacuum.  Thus,  by  increasing  the  vacuum  from  83*4  per  cent. 
(25  inches)  to  86'6  per  cent.  (26  inches),  mean  vacuum  =  85'0 
per  cent.  (25'5  inches),  we  obtain  the  results  shown  in  Table 
XXXVIII. 
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Table  XXXVIH. 


Percentage  decrease  in  steam  con- 
sumption per  per  cent,  increase 
in  vacuum  for  a  mean  vacuum 
of  86  per  cent  (25*6  in.)  . 

Percent^  decrease  in  steam  con- 
sumption obtained  by  increas- 
ing the  vacuum  from  83*4  per 
cent.  (26  in.)  to  86'6  per  cent. 
(26  in. ),  *.«.  by  a  total  increase 
of  3'3  per  cent,  (or  of  1  in.) 


Quarter  Load.    |      Half  Load.  Full  Load. 


I  1*6  jxir  cent.  ,  1*3  per  cent,  i  \'\  percent. 


5-3  per  cent.  |  4-3  per  cent,  j  3'6  per  cent.  I 


An  equal  absolute  increment  in  vacuum  (i,e.  1  inch)  from  86*6 
per  cent  (26  inches)  upwards,  i.e.  to  90  per  cent.  (27  inches), 
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gives  a  considerably  greater  percentage  improvement  in  economy, 
as  shown  in  Table  XXXIX. 

Table  XXXIX. 


Quarter  Load. 


Half  Load. 


Full  Load. 


I  2*0  per  cent.    1-6  per  cent.    1  '4  per  cent. 


Percentage  decrease  in  steam  con- 
sumption per  per  cent  increase 
in  vacuum  for  a  mean  vacuum 
of  88-3  per  cent.  (26-5  in.) 

Percentage  decrease  in  steam  con- 
sumption obtained  by  increasing 
the  vacuum  from  86*6  per  cent. 
(26  in.)  to  90  per  cent  (27  in.), 
i.e,  by  a  total  increase  of  3'3 
per  cent  (or  of  I  in.)  .    6*6  per  cent    6*3  per  cent    4-6  per  cent 


The  results  in  Tables  XXXVIII.  and  XXXIX.  are  brought 
together  in  Table  XL,  as  also  results  for  higher  vacua. 


Table  XL. 
Quarter  Load. 


Percentage  decrease  in  steam  con- 
sumption obtained  by  increasing 
the  vacuum  by  1  in.  from — 

25  in.  to  26  in.  (83*4  per  cent 

to  86 -6  per, cent)     . 

26  in.  to  27  m.  (867  per  cent 

to  90  per  cent) .     . 

27  in.  to  28  in.  (90  per  cent  , 

to  93-3  per  cent)    . 


5*3  per  cent 
6 '6  per  cent 
8 '6  per  cent 


Half  Load. 


FttU  Load. 


4*3  per  cent 
6*3  per  cent 
7"3  per  cent 


3*6  i)er  cent 
4*6  per  cent 
6*0  per  cent 


Vacua  above  28  inches  are,  in  the  present  state  of  steam  con- 
denser engineering,  not  generally  economical  propositions,  owing 
to  the  great  first  cost  and  running  expenses  of  the  condensing 
equipment. 

We  are  now  in  a  position  to  eliminate  variations  in  vacuum 
used  in  the  different  tests  (Table  XXXV 11.),  and  to  reduce  the 
steam  consumption  results  to  a  standard  vacuum  of  86*6  per 
cent.  (26  inches). 

Superheat. — The  next  variable  relates  to  tlie  dependence  of 
the  steam  consumption  upon  the  degree  of  superheat.  In  Figs. 
Ill  to  115  are  plotted  curves  taken  on  several  sizes  of  turbines 
with  varying  degrees  of  superheat.    For  these  curves  the  abscissfle 
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Fio.  111.— 8200  K.W.  Brown- Boveri-PareoDB  Turbo-Generator, 

Constant  Pressure  10  Egs.  Aba.  and  Constant  Vacuum  90  per  cent., 

Eleetrotechn.  ZeUs.,  H.  34,  p.  749,  Aug.  26,  1904. 
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Fio.  112.— 1260  K.W.  Westinghouse-Parsons  Turbine. 
(F.  Hodgkinson,  Trans,  Ainer.  Soe.  of  Mech.  Fngrs.,  vol.  xxv.,  May  1904.) 

Figs.  Ill  and  112. — Variations  in  Steam  Consumption  with  Varying  Superheat. 
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Fig.  118.— 1250  K.W.  Westinghouse-Parsons  Turbo-Generator. 
(F.  Hodgkinson,  Trans.  Amer,  Soc,  of  Mech,  Engrs,,  vol.  xxv.,  May  1904.) 
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Fio.  114.— 400  K.W.  Westinghouse-Parsons  Turbo-Generator, 

Constant  Vacuum  93*5  per  cent. 

(F.  Hodgkinson,  Trans.  Anier.  Soc.  of  MecJi.  Engrs.^  vol.  xxv.,  May  1904.) 

Figs.  113  and  114  — Variations  in  Steam  Consumption  with  Varying  Superheat. 
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Fio.  115. — Variations  in  Steam  Consumption  with  Varying  Superheat, — 760 

Parsons  Turbine. 
Constant  Pressure  of  11  '6  Kgs.  Abs.  and  98*5  per  cent.  Vacuum. 
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Fig.  116. — The  Variation  in  Steam  Consum])tion  for  an  Increase  in  Su^ierheat  at 
Stated  Loads  for  a  400  E.W.  Westinghouse- Parsons  Turbine,  at  a  Constant 
Vacuum  of  93*5  per  cent  and  a  Mean  Absolute  Steam  Pressure  of  11*9  Kgs. 
("Brake  Tests,"  EntrimeriTig,  p.  559,  Oct  21,  1904.) 

denote  the  percentage  of  rated  full  load.     For  the  curves  of  Fig. 
116  the  abscissae  denote  the  degrees  of  superheat,  it  having  been 
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more  convenient  in  the  case  of  these  tests,  which  were  made 
at  definite  percentages  of  rated  load,  to  plot  the  results  in 
this  way. 

The  values  of  the  steam  consumption  at  rated  full  load  have 
for  all  these  cases  been  employed  in  plotting  the  curves  of  Fig.  117, 


zo      ^0     so     00     foo     izo     /<u>     /eo     tao 
^mourtCnfSu^ierhtdC  (mean)  m  Decrees  Centlirdde 


A  =  SeeFig.  111. 
B=  „  112. 
C=       „       113. 


D  =  See  Fig.  113. 
E=  „    114. 

F=  „    115. 
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Fig.  117. — The  Steam  Consumption  of  Various  Sizes  of  Parsons  Steam  Turbine 
at  Full  Rated  Load  with  Varying  Superheat 

in   which    superheats  in   degrees   Centigrade    are    employed    as 
abscissae. 

Fig.  118  is  derived  from  the  curves  of  Fig.  117  by  representing 
by  100  the  steam  consumption  with  50°  Cent,  of  superheat. 
The  mean  curve  drawn  for  this  group  is  reproduced  in  Fig.  119, 
and  may  l)e  taken  as  a  fairly  true  indicator,  for  the  Parsons  type 
of  turbine,  of  the  amount  by  which  the  degree  of  superheat  affects 
the  steam  economy  at  rated  full  load. 
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But  at  light  loads  the  effect  of  a  given  amount  of  super- 
heat is  to  improve  the  steam  economy  to  a  somewhat  greater 
extent  than  at  full  load.  This  is  evident  from  a  study  of 
Table  XLI. 

An  analysis  of  the  above  table  shows  us  that  a  given  amount 
of  superheat  in  degrees  Cent,  occasions  a  percentage  improvement 
in  steam  economy  at  20  per  cent,  of  full  load,  which  may  be 
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Superheat  in  Degrees  Centigrade,     Letters  refer  to  Fig,  117. 

Fig.  118.— Variationa  in  Full  Load  Steam  Consumption  with  Varying 
Superheat  of  a  Parsons  Turbine. 

roughly  taken  as  some  25  per  cent,  greater  than  the  corresponding 
percentage  improvement  at  rated  full  load.  The  value  varies 
greatly,  however,  and  appears  (see  curves  of  Fig.  113,  corresponding 
to  90  per  cent,  and  94  per  cent,  vacua)  to  be  also  dependent  upon 
the  accompanying  vacuum.  There  is,  however,  insufficient  data 
for  tracing  out  the  extent  of  the  dependence  upon  the  vacua  of 
the  improvement  in  economy  with  increasing  superheat,  and  it 
will    not    be    taken     into     further    consideration.      The    three 

12 
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curves  in  Fig.  120  relate  respectively  to  quarter,  half,  and  fuU 
rated  load. 


'^^    fhi 

1" 

1. 

1       0-3 

\ 

\ 

\ 

^ 

s 

<^ 

S^ 

' 

.§" 

$ 

"^ 

-N^ 

1      01 

i 

1 

V> '. 

* 

2 

^■^ 

^ 

0 

0t 

7 

e 

0 

/c 

V 

/£ 

e> 

M 

to 

/€ 

Y? 

/6d" 

Superheat  in  Degrees  Centigrade, 

Fio.  119. — Percentage  Decrease  in  Full  Load  Steam  Consumption  per  Degree 
Centigrade  Increase  of  Superheat  in  Parsons  Turbines. 


Table  XLI. 

1 

s 

Percentage  decreaae  In  steam  con- 

•     ,        °-3 

p 

sumption,  dae  to  the  increase  in 

^f           l'^ 

S     1    Baperiieat,  for  the  following  per- 

^         centagesof 

fuU  rated  load. 

Remarks. 

'O             a  p 

M        1         5w 

1 

.      g        20%    i   40%    1   60% 

A4                                         1 

80% 

100% 

3200  I  50  to  105 

|90     ,140   130 

13-0 

130 

130 

Interpolated  from  curves 

in  Fiff.  111. 
Interpolated  from  curves 

1250      0  to  65-5 

93-5 

9-0      8-5 

8-0 

7-0 

6-5 

in  Fig.  112. 

1250,    0  to  42-5 

92-2 

10-5      8-3 

8-0 

7-6 

7-2 

Interpolated  from  a  mean 
of  curves  (A  and  C)  and 
(B  and  D)  in  Fig.  113. 

Interpolated  from  curves 

400  '    0  to  65-6 

'93-5 

11-5  iro 

10-5 

10-5 

10-5 

1 

A  and  Bin  Fig.  114. 

400 

0  to  100 

93-5      

'          1 

250 

26-0  i  25-0 

Interpolated  from  curves 
A  and  C  in  Fig.  114. 
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The  next  step  consists  in  reducing  the  test  results  set  forth 
in  Table  XXXVII.  to  a  common  basis  of  86*6  per  cent  vacuum 
and  50**  Cent,  of  superheat.  The  results  thus  reduced  are  set 
forth  in  Table  XLII. 

In  order  to  further  examine  the  effect  on  the  steam  economy 
of  variations  in  the  admission  pressure,  all  those  tests  in  which 
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Amount  of  SuperhetU  in  Degrees  Centigrade, 

Fio.  120. — Percentage  Decrease  in  Steam  Consnmption  of  a  Parsons  Turbine  at 
Foil,  Half,  and  Quarter  Load  per  Degree  Centigrade  Increase  of  Superheat. 

the  admission  pressure  was  above  10  absolute  metric  atmo- 
spheres per  square  centimetre  have  been  brought  together  in 
Table  XLIIL,  for  which  the  absolute  admission  pressure  has 
been  taken  at  the  average  value  of  12*5  metric  atmospheres. 
Those  tests  in  which  the  admission  pressure  was  10  and  less 
than  10  absolute  metric  atmospheres  have  all  been  brought 
together  in  Table  XLIV.,  for  which  the  average  pressure  is 
8  absolute  metric  atmospheres. 


[Table  XLII. 
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Table  XLII.— Showing  the  Steam  Consumption  with  a  Constant  Vacuum 
or  86*6  PER  cent,  and  60*  Cent,  of  Superheat  por  the  Parsons  Steam 
Turbine,  with  Varying  Absolute  Steam  Pressures,  as  derived  from 
the  Test  Results  on  Table  XXXVII. 


I  En.  per  K.W.  Hour  for  ytfioni  percentagoi  of 
Foil  Rated  Loftd. 
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Table  XLII.— con^tnwed. 


£ 

1 

Steam  Coiumniption  in  Kgs. 

per  K.W.  Hour  for  varioiiB  Percentages  of 
Pull  Bated  Load. 

20%. 

40%. 

60%. 

80%. 

100%. 

120%. 

i| 

1 

I| 

[ 

I| 

1 

i! 

1 

1 

1 

II 

1 

XII.  . 

600 

ioo 
woT 

600 

18-80 

1015 

11-80 

10-15 

10-00 

10-15 

9-60 
10-60 
9-46 
9-65 

8-80 
8-66 

1015 

9-80 

10-15 

.. 

.. 

.. 

11-00 
11-40 

--- 

11-20 

--  - 

12-80 

1000 
1160 
11-60 
11-60 
11-60 
11-60 

iroo 

10-00 
11-60 

10-40 
1000 
976 

1000 
11-60 

10-00 

9-80 

10-00 

zni. 

750 
760 
750 
760 
760 
~760 
"750" 
760 
1000 

16-20 

12-80 

11-00 

11-60 

9-10 

11-60 

11-60 
11-60 

11-80 

10-80 
10-10 
1000 

11-60 
11-60 

11-60 
11-60 

Treo 

1 
••     1 

14-80 

11-40 
11-70 

9-10 

11-60 
11-60 

8-50 
8-40 

11-60  1 

11-60 
11-60 

9-00 
9-45 
9-26 

11-60 
11-60 

** 

11-60 

10-50 

11-60 

8-8U 

11-60 

8-60 

.. 

11-00 

9-90 

11-60 

11-60 

8-90 

11-60 

8-60 

11-60 

17-60 

•  • 

11-40 

11-60 

9-95 

11-60 

9-2 
9-2 

11-60 

8-60 

^60 

9-6 

11-60 

8  80 
8-50 

11-60 

11-40 

11-60 

9-96 
10^60 

11-60 

11-60 

11-60 

11-60 

XIV.- 

1014 

12-40 

10-80 

10-60 

10-00 

10-76 

10-47 

9-40 

10-11 

1000 

9-80 
10^^ 
9-80 

.. 

9-6  0 

12-8 

1000 

lo-ai 

11-90 
ir66 

11-60 
10-20 
11-60 

11-60 

9-30 

11-60 

9-00 

11-60  1    8-60 

11-60 
1?20 

1000 
1000 
1100 

14*40 

10-20 

9-20 

10-20 
11-60 

8-70 

10-20  1    8-60 

10-20 

11-60 
10-80 

9-85 

9-10 

9'-io 

11-60 
10-80 

8-80 

11-60 

XV. 
XVI. 

U-40 
18^6 

.. 

10-70 
9-66 

9-80 

9-06 

~870 

10-80 
11-50 

9-00 

10-80 

1260 

11-50 

11-30 

11-60 

11-50 

860 

11-60  1     . . 

1260 
1260 

11-50 

10-90 

11-50 

9-66 
1010 
10-80 
10-40 

11-50 

11-60 
11^0 

8-45 

11-60 

8-25 
8-90 

11-50 

1400 

11-40 

11-20 
11-80 
IV^ 
W-85 
11-00 
11-80 

11-40 

11-40 
11-60 

9-26 
9-20 
9-60 
8-70 
9-50 

8-70 
8-80 

910 

11-40 

11-40 
11-50 

1250 

14-80 

11-50 
11-60 

11-50 
11-50 

11-50 

8-85 
9-25 

11-50  1    8-70 
11-50   ~9-00 

I    1250 
/   1500 

11-60 

11-50 

11-50 
14-80 

18-00 

14-80 

14-80 
10-80 
10-70 

9-40 

14-80 

14-80 
7-60 
10-70 

8-86 

14-80 

8-15 

XVII. 

xvinT 

1600 
1  1600 

9-86,    8-60 

8-86     7-00 
8-15  1  1070 
8-80  i  11-60 
8-46  1  U-OO 
8-50  j  11-60 

11-60 

9-20 

10-70 

810 

1600    13-00 

11-60 
11-60 

10-76 
10-60 
11-40 

11-60 
11-60 
11-60 

1070 

9-80 
10-40 

11-60 
1160 

11-60 
li-60 

1600 

1500 

!  2600r 

12-30 
14^ 

8-25 

11-60 

11-60 

9-70 
8-50 

11-60 

8*95 

11-60 

8-40 
7-70 

11-60 

•• 

10-00 

11-20 
12-80 

8-40 

1400 

8-00 

14-00 

11-70 

1  8000 

XIX.  •  1  8000 

(i  8000 

■;_ 

8-10 

12-80 

7-80 

10-80 

.. 

9^ 

IVOO 

fo-oo 

10-00 
14-00 

8-40 
8-10 
8-60 

7-40 

18-00 

6-72 

10-70 
11-00 

.. 

10^ 

11-00 
10-00 
10-00 
14-00 

8-00 

11-00 
10-00 
10-00 

7-70 

r'  8200     12-65 

XX.  J  ■  8200  u-eo 

0-85 
9r40 

8-20 

Tso 

8-05  1  10-00 
7-80  1  10-00 

'— 

1000 

8-20 

I 

3200 

1  6500 

5600 

12-60 
10-00 

vyw 

14*00 

9-60 

810 
7-42 

7-45 
6-82 

1400 

7-85 

14-00 

.. 

XXI.  1 

12-66 

8-42 

12-66 
12-66 

12-66 

12-66 

6-60 

12-65 

6-60 

12-66 

I 

12-66 

9-10 

8-80 

12-66 

7-70 

12-66 

720 

12-66 

7-82 

12- 
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Table  XLIII.— Showu^g  the  Steam  Consumi^ion  at  a  Mean  Absolute 
Steam  Pbbssube  of  12*5  Kgb.  peb  Sq.  Cm.,  an  86*6  peb  cent. 
Vacuum,  and  50"  Cent,  of  Supebheat,  fob  the  Pabbonb  Steam 
TuBBiNE.    (Fbom  Table  XLII.) 


Steun  Coummption  in  Est.  per  K.  W.  Hour  for  rtfioui  PeroeBtages  of  Full 
Bated  Loftd. 


9*42 
9-40 


9-50 
9-50 

1 
9-36    1 

900 
8-96 

8-90  ' 
8-95 

9-60 

9-18 

9-40 

9-20 

9-20 

910 

8-20 

8-16 
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Table  XLIII.— con^tni^. 


Baferenoe 

Nob.  as  In 

Table  XLII. 


XII. 


steam  Consumption  in  Kgs.  per  K..  W.  Hour  for  varioas  Percentages  of  Full 
Bated  Load. 


Kilowatts 
Output. 


XIII.  < 


XIV.  \ 


XV. 


XVI. 


500 
600 
500 


750 
750 
750 
760 
750 
750 
750 
750 
1000 


20;^ 


40%   I    60% 


15-2 


14-8 


13-80 

11-30 

... 

... 

... 

... 

12-3 

110 

11-8 

10-3 

11-4 

10-1 

11-7 

100 

11-6 

10-5 

11-0 

9-9 

11-4 

9-95 

9IQX 


100 


1000 


1000 
1000 


1000 


1100 
1250 
1250 


1250 
1260 
1250 


17-5 


14-40 


14-40 
13-65 


11-4 
12-40 

11-90 
11-65 
10-2 

11-30 
10-90 


9-95 


100% 

9-50 
10-60 


9-46 


100 

9-5 

9-75 

... 

91 

8-8 

90 

8-65 

9-45 

8-8 

9-26 

8-9 

9-2 

8-6 

9-2 

8-6 

120% 


9-30 


9-1 


8-5 
8-4 
8-6 
8-6 


8-3 


10-50 


14-00    I     11-20 


14-30 
14-20 


11-80 
11-80 


9-80 
10-20 

9-8 
10-70 


9-65 

9-66 

1010 

10-30 

10-40 


10-0 


9-50 


... 

9-60 

9'30 

9-0 

9-20 

8-70 

9-35 

91 

9-30 

910 

905 

8-60 

8-70 

8-46 

9-25 
9-20 
9-60 


910 
8-85 
9-25 


8-5 
9-40 


8-6 


8-50 

8-8 

9-00 

8-25 


8-90 


8-70 


9-00 
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Table  XLIII. — continue. 


Reference 

Not.  as  ill 

Table  XLII. 

steam  CouBumption  in  Kgs.  per  E.W.  Hour  for  various  Percentages  of  Full 
EatedLoad. 

KllowatU 
1    Output. 

1      1600 

80% 

1300 

40% 

eo% 

80% 

100% 

120% 

XVII.   • 
XVIII. 

10-86 

9-40    1 

8-70 

8-36 

8-16 

i     1500 
1500 
15U0 

11-30 

9-20    1 

8-35 

8-16 

13-00 

10-76 

9-30 

8-70 

8-30 

8-10 

12-30 

10-60        10-40 

8-80 

8-46 

8-25 

1600 

2600 



3000 

14-10 

11-40 

9-70 

8-95 

8-50 

8-40 

. 

8-40 

8-00 

7-70 

XIX. 
XX. 

...       !       8-40 

7-40 

6-72 

3000 

1000    '       8-60 

,       9-90    1       810 

9-60          8-10 

8-10 

7-80 

6-60 
7-32 

3000     1       ... 

8-00 

7-70 

3200 

12-50 

7-45 
6-82 

7-36 

XXI.    \ 

6600 
5500 

1000 

'       8-42 

1 

7-42 

6-60 

10-50 

;     9-10 

8-30 

7-70 

7-20 

In  Fig.  121  the  results  at  rated  full  load  from  Table  XLIII. 
(12'5  absolute  atmospheres)  are  plotted  as  circles,  and  the  results 
at  rated  full  load  from  Table  XLIV.  (8  absolute  atmospheres)  have 
been  plotted  as  crosses.  All  these  observations  are  evidently 
represented  fairly  well  enough  for  practical  purposes  by  the 
single  curve  of  the  figure. 

In  the  same  way,  the  curves  of  Figs.  122  and  123  show  the 
average  results  at  half  load  and  quarter  load  to  be  practically 
independent  of  the  pressure. 

The  three  firms  who  have  manufactured  the  greatest  number 
of  turbines  of  the  Parsons  type,  namely,  C.  A.  Parsons  &  Co., 
Westinghouse  Co.,  and  Brown-Boveri,  have  obtained  practically 
identical  results  as  regards  steam  economy.  This  is  seen  in 
Table  XLV.,  where  have  been  brought  together,  in  such  a 
way  as  to  permit  of  comparison  in  this  respect,  the  results 
of  the  published  tests  on  sets  of  from  300  to  500  kilowatt 
capacity,  this  being   the    range    of    sizes  for    which    all    three 
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Table  XLIV. — Showing  the  Steam  Consumption  at  a  Mean  Absolute 
Steam  Pressure  of  8-0  Kgs.  per  Sq.  Cm.,  an  86*6  per  cent.  Vacuum, 
AND  60°  Cent.  Superheat,  for  the  Parsons  Steam  Turbine.  (From 
Table  XLII.) 


Reference 
No. 

Kwta. 
Output. 

of  FuU  Rated  Load. 

20% 

40% 

60% 

80% 

100% 

120% 

I. 

24 

23-20 

18-10 

1400 

13-70 

13-40 

... 

II. 

50 

... 

... 

12-60 

... 

' 

100 

... 

1510 

13-50 

12-00 

11-50 

11-10 

IV.    ^ 

100 

... 

15-85 

14-00 

12-20 

11-60 

11-40 

I. 

100 

17-20 

15-20 

13-50 

12-80 

11-90 

V. 

200 

... 

... 

10-20 

10-60 

VII    -< 

260 

19-80 

16-40 

14-90 

1310 

13-60 

250 

... 

14-00 

12-20 

10-90 

10-20 

10-00 

VIII.   i 

300 

... 

13-50 

11-80 

10-80 

10-40 

... 

300 

12-40 

11-25 

10-20 

10-00 

... 

XI.    ^ 

400 

... 

11-60 

10-00 

910 

9-00 
8-80 

... 

400 

... 

8-90 

400 

13-30 

11-60 

10-50 

9-80 

9-35 

9-35 

XII.       '      600 

1 

... 

12-80 

_ 

iroo 

9-85 

11-20 
9-85 
8-60 

10-40 
9-50 

9-65 
8-36 
8-05 

9-30 

XVII.           1500 

1 

12-66 

XX.  ^ 

L 

3200 

8-20 

3200 

11-60 

9-40 

8-20 

7-80 

7-80 

firms  have  published  enough  tests  to  permit  of  a  useful  com- 
parison. 

Our  analysis  of  the  economy  tests  of  the  Parsons  type  of 
turbine  shows  the  percentages  increase  in  steam  consumption 
with  decreasing  load  to  be  of  the  values  set  forth  in  Tables  XLVI. 
and  XLVII. 

In  Table  XLVI.  we  have  set  forth  figures  showing  representa- 
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RdUd  Output  in  fiiht^^CTs 

Fio.  121.— Full  Rated  Load. 

Steam  ConBiunption  :  Parsons  Turbines. 
0=12-6  Kgs.  Abs.  from  Table  XLIII. 
X=8  „  „  XLIV. 

50*  C.  Superheat ;  86*6  per  cent.  Vacuum, 


Table  XL VI.— Showing  thb  Average  Steam  Consumption  op  Turbines 
OF  THE  Parsons  Type  at  Full,  Half,  and  Quarter  rated  Loads, 

with  86*6   PER  CENT.    VACUUM   (26  INCHES)   AND  60*  C.  SUPERHEAT. 


/ 

Steam  CoD^amption  in  Lbs 

and  Kgs.  per  K.W.  Hour. 

Rated  OiUput 
K.W, 

1 

Fall  load. 

Half  load. 

Quarter  load. 

LbB. 

K    Kg. 

Lbs. 

Kg. 

Lbs. 

Kg. 

250 

23                 10-5 

28-2 

12-8 

37-5 

17 

600 

20-6      1         9-3 

26 

11-3 

32         1        14-5 

1          1000 

19 

8-6 

22-7 

10-3 

29                13-2 

2000 

17-6 

8-0 

21 

9-6 

26-7             121 

4000 

16-3 

7-4 

19-3 

8-8 

24-5      1       111 
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tive  values  of  steam  consumption  for  Parsons  type  turbines, 
based  on  the  numerous  test  results  given  in  this  chapter,  and 
already  shown  in  the  mean  curves  in  Figs.  121,  122,  and  123. 


"~ 

■~ 

^    - 

^  «" 

^    a- 

a 

1     to- 

- 

^     . 

- 

f     m' 

B      *■ 

;  1 

1     .♦i 

i- 

- 

^           ^ 

h. 

o 

1 

^     /e- 

l 

J^ 

.Q 

" 

5 

JP 

[; 

i: 

7 

5     *"" 

~ 

r- 

^ 

-J 

H 

^        - 

H 

^ 

o 

■- 

« 

—J 

^     8- 

~~ 

~ 

5    ^" 

^  / 

4-  - 

5     o 

.^ 

^ 

ha 

BP 

M 

W 

M 

m 

^ 

ST 

^ 

J05 

« 

^ 

RkUd  Outiput  in  Kihn»its 
Fig.  122. -Half  Tatcd  Load. 

Table  XL VII.,  derived  from  the  previous  table,  shows  the  per- 
centage by  which  the  steam  consumption  at  half  and  quarter  rated 
load  exceeds  the  consumption  at  full  load.     It  may  be  noted,  that 


Table  XLVII. 


Rated  Output 
K.W. 


K.W. 


250 

500 

1000 

2000 

4000 


Percentage  by  which  the  Steam  Consumption  per  K.W.  Hour  exceeds  that 
at  Full  Load,  Vacuum  86*6  per  cent.,  Superheat  60*  0. 


Half  load. 


22  per 

21 

20 

20 

19 


cent. 


Quarter  load. 


62  per  cent. 
56         „ 
54        „ 
52        „ 
50        „ 
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as  the  size  of  the  unit  is  increased,  there  is  a  diminution  in  this 
excess. 

The  figures  given  in  these  two  tables  are  all  for  our  standard 
conditions,  viz.  vacuum  86  per  cent.  (26  inches)  and  50°  C.  super- 
heat. 

In  the  MariTie  Bundschani  for  January  1904  are  given  some 
interesting  particulars  of  a  65  kilowatt,  110  volt  Brown-Boveri- 
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£000  3000  4000  3000 

Rated  Outtwt  in  KihwMs. 
Fio.  123.— Quarter  Bated  Load. 

Figs.  122  and  123.— Steam  Consumption :  Parsons  Tnrbinas. 
0  =  12'6  Kg8.  Abs.  from  Table  XLIII. 
X  =  8  „  „         XLIV. 

60"  0.  Superheat ;  86*6  per  cent  Yacnum. 

Parsons  set,  for  use  in  marine  lighting  plants.  The  outline 
dimensions  are  shown  in  Fig.  124.  The  pressure,  temperature, 
and  vacuum  are  not  given,  but  it  is  stated  that  the  steam  con- 
sumption was  18-8  kilograms  per  kilowatt-hour,  and  that  a  lower 
figure  could  have  been  obtained  by  an  increase  in  the  length  of 
the  turbine.  The  specification,  however,  only  called  for  a  steam 
consumption  of  from  18  to  19  kilograms  per  kilowatt-hour.  It 
is  stated  that  an  increase  in  length  of  0*5  metres  would  have 
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permitted  of  a  design  with  a  steam  consumption  of  17  kilograms 
per  kilowatt-hour,  and  that  its  weight  would  be  some  3000 
kilograms.     In  a  tender  for  supplying  four  of  these  65  kilowatt 
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ITio.  124.— 65K.W.  1 10- volt  Parsons  Turbc^-Generator. 

Dimennions  in  Millimetres, 

(Grauert,  I  her  Ikimpfturbinen.) 

sets  to  the  German  navy,  the  price  was  86,000  marks,  or  about 
£1070  per  set,  or  £16,  5s.  per  kilowatt.  The  price  for  an  equiva- 
lent piston-engine  set,  such  as  has  been  extensively  used  for  such 
plant,  works  out  at  £750,  or  about  £11,  68,  per  kilowatt. 


CHAPTER  V 

THE  CURTIS  STEAM  TURBINE 

General  Description. — Many  attempts  were  made  to  produce 
a  practical  turbine  embodying  the  de  Laval  nozzle  which  would 
run  at  lower  speeds  than  the  de  Laval  turbine,  and  a  substantial 
measure  of  success  was  attained  when  machines  were  built  by 
C.  G.  Curtis,  about  1896,  on  the  principle  of  removing  the  energy 
of  the  steam  in  successive  stages,  each  stage  consisting  of 
a  set  of  expansion  nozzles  and  two  or  more  rows  of  moving 
vanes  with  intervening  guides,  the  total  expansion  of  the  steam 
taking  place  in  steps  in  the  nozzles,  and  the  kinetic  energy 
developed  in  each  expansion  being  absorbed  in  the  moving  vanes 
of  each  stage.  The  steam  pressure  throughout  each  stage  is 
practically  the  same,  any  slight  difference  in  pressure  between  the 
different  rows  of  vanes  being  only  sufficient  to  overcome  the 
friction  of  the  vane  passages.  The  steam  is  admitted  to  the  first 
stage  in  an  extended  stream  forming  a  segment  of  a  circle  and 
of  a  width  equal  to  that  of  the  wheel  buckets.  Curtis  showed 
that  in  order  to  govern  a  turbine  of  this  type  economically 
the  entering  stream  must  be  changed  in  cross  section  without 
changing  its  velocity,  that  is,  without  throttling,  its  width,  of 
course,  remaining  constant;  and  in  his  early  machines,  which 
were  of  the  horizontal  type,  provision  was  made  for  effecting 
this  result 

In  the  Curtis  machine,  as  developed  in  its  present  commercial 
form  by  the  General  Electric  Company  of  New  York,  U.S.A.,  and 
made  in  England  by  The  British  Thomson-Houston  Company, 
the  shaft  is  arranged  vertically,  and  the  incoming  stream  is  divided 
up  into  a  number  of  sections  composed  of  small  nozzles  closely 
packed  together,  so  that  practically  a  continuous  belt  of  steam  is 
formed  (see  Fig.  127).    By  so  dividing  up  the  stream  the  governing 
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arrangement  is  very  much  simplified,  as  each  small  nozzle  or  a 
group  of  nozzles  may  be  controlled  by  a  separate  valve,  and  changes 
in  load  may  be  taken  care  of  by  shutting  off  or  opening  one  or 
more  of  the  nozzles,  preferably  those  nozzles  which  will  leave  the 
belt  continuous. 

Vanee  or  Buckets. — Curved  vanes  or  side  walls  to  the 
passages  in  the  earliest  designs  were  mounted  on  one  or  more 
drums,  and  had  a  less  angle  at  the  discharge  than  at  the 
receiving  end.  Fig.  125. 

The  latest  practice  puts  a  smaller  angle  at  the  entrance  than  at 
the  discharge  side. 

Machining  the  Vanea — By  1902  the  vanes  were  machine 


Fio.  125. — Revolving  Vanes  or  Buckets  for  Curtis  Turbine.     These  are 
bolted  around  the  periphery  of  a  disc. 

cut  out  of  solid  metal  around  the  circumference  of  a  disc; 
special  tools,  on  which  numerous  improvements  have  been  made, 
having  been  designed  for  this  work. 

"Stages"  or  Pressure  Steps. — The  number  of  moving 
vanes  or  buckets  against  which  the  steam  impinges  between 
the  admission  nozzles  and  the  condenser  varies  in  different 
designs,  and  the  tendency  in  new  designs  is  to  increase  the 
number. 

The  smallest  units  (on  horizontal  shafts)  are  built  with  one 
stage,  and  the  largest  have  in  recent  cases  four  and  five  stages. 
Fig.  126  shows  the  revolving  part  of  the  second  stage  of  a  500 
kilowatt  two-stage  unit. 

Steam  Economy. — The  degree  of  expansion  desired  and  the 
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peripheral  speed  determine  the  number  of  stages  and  number  of 
rows  of  vanes  in  each  stage.^ 

Mr  A.  H.  Kruesi,2  in  a  paper  read  in  1903,  said,  **  Greater 


Fio.  126.  —Bucket  Wheels  and  Intermediates.     Second  Stage  of  600  K.  W. 
Two-Stage  American  Curtis  Turbine. 

economy  is  probably  due  to  the  fact  that  the  steam  is  more 
effectively  directed  against  the  wheels  by  the  nozzles  than  by 
intermediate  stationary  vanes." 

^  The  same  angle  at  receiving  and  discharge  end  was  used  in  first  600  kilo- 
watt Curtis  turbines  (two-stage  six  rows  revolving  vanes,  four  rows  stationary 
vanes,  two  sets  nozzles).  Page  2,  "  The  Steam  Turbine  in  Modem  Engineering,** 
by  W.  L.  R.  Emmet,  Chicago,  1904,  American  Society  of  Mechanical  Engineers. 

2  Association  of  Edison  I.  Companies,  24th  Convention,  September  1903. 
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The  5000  kilowatt  units  illustrated  in  W.  L.  R.  Emmet's 
Chicago  paper  ^  shows  only  two  stages  {i.e.  two  sets  of  expanding 
nozzles),  with  four  rows  of  revolving  vanes  in  each  stage. 

The  Newport  machines  mentioned  in  the  same  paper  ^  are 
500  kilowatt  units,  and  have  only  two  stages  with  three  rows  of 
revolving  vanes  per  stage. 

The  later  designs  of  every  size  from  500  kilowatts  upwards 
have  at  least  four  stages.  One  seven-stage  machine  is  in  the  list, 
p.  209. 

The  delivery  side  of  a  row  of  first-stage  nozzles  for  a  2000 
kilowatt  unit  is  shown  in  Fig.  127 ;  and  as  the  partitions  are 


Fig.  127.— First-Stage  Nozzle  for  2000  K.  W.  Curtis  Steam  Turbine. 

reduced  here  to  knife  edges,  it  is  clear  that  the  expanded  steam 
enters  in  practically  a  single  belt. 

Diaphragms  between  Stages. — A  diaphragm  containing 
intermediate  nozzles  is  placed  between  successive  stages. 

This  reduces  the  leakage  area  around  the  shaft  to  an  annulus 
of  comparatively  small  diameter,  and  the  makers  claim  that  the 
diaphragm  is  practically  steam-tight. 

Fig.  128  shows  a  diaphragm  with  twenty-eight  expanding 
nozzles. 

Synchronising. — For  synchronising  and  for  adjusting  the 
load  between  several  units,  each  main  governor  has  a  supple- 
mentary spring  which  alters  the  speed  corresponding  to  a  given 
load  about  2^  per  cent,  on  either  side  of  normal  without  affecting 
the  regulation.  The  regulation  can  be  altered  by  adjustments  of 
the  governor  weights. 

*  American  Society  of  Mechanical  Engineers,  Chicago,  June  1904. 
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In  the  units  below  1500  kilowatts  this  supplementary  spring 
is  controlled  by  a  hand  wheel  (see  Fig.  129). 

For  1500  kilowatt  units  and  larger  sizes  a  small  motor  actuates 
this  spring  (see  Fig.  130).  The  motor  is  usually  controlled  at  the 
main  switchboard  by  a  double  pole  reversing  switch. 

Marine  Work. — For  marine  work  two  concentric  sets  of 
vanes  having  opposite  curvatures  were  designed,  each  set  having 
separate  nozzles  fixed  at  correct  angles  to  give  rotation  in  one 
direction. 


Fig.  128. — Diaphragm  showing  Twenty-eight  Nozzles. 

Expanding  Nozzles. — Mr  Curtis'  governor  admitted  the 
steam  through  a  number  of  expanding  nozzles ;  each  ^  nozzle  was 
connected  to  the  steam  supply  and  provided  with  an  independent 
valve,  so  that  its  full  bore  was  open  or  definitely  closed.  This  device 
was  introduced  to  avoid  "wire  drawing/'  only  a  fraction  of  the 
total  steam  being  subjected  to  such  treatment,  as  will  be  now 
explained.    Fig.  127,  page  194,  shows  ten  such  sections.^ 

The  automatic  control  of  speed  requires  a  more  delicate 
adjustment  of  steam  supply  than  is  provided  by  opening  or  closing 
a  tenth  (in  this  case)  of  the  maximum  steam  admission  area. 

1  In  small  turbines  one  valve  supplies  a  pair  of  nozzles. 

*  From  Table,  p.  206,  this  appears  to  be  for  a  2000  kilowatt  unit. 


Fio.  129.— 500  K.  W.  Vertical  Two-Stage  Curtis  Turbine  and  500  Volt  Continuous 
Current  Generator,  4  Poles  1800  R.p.m.     (Cork  Tramways.) 
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For  this  reason  the  first  valve  in  each  such  set  of  valves  supplies 
steam  through  a  balanced  throttle  valve  to  the  first  nozzle,  and  the 
smaller  variations  are  taken  care  of  by  this  throttle. 

The  operation  of  the  valves  is  arranged  so  that  the  throttle  must 
be  fully  opened  before  another  can  open,  and  the  throttle  then 
assumes  a  position  corresponding  to  the  load,  gradually  opening  or 
closing  as  more  or  less  steam  is  required.     When  reducing  the 


Fio.  180. — Governor  and  Synchronising  Motor  on  a  5000  K.W.  Curtis  Turbine. 


steam  supply  to  a  greater  extent  than  the  throttle  can  deal  with, 
the  throttle  must  be  fully  closed  before  another  valve  closes,  then 
the  throttle  takes  up  a  position  corresponding  to  the  new  load 
conditions,  receiving  its  motion  from  the  governor.  An  increase 
in  the  governor  speed  closes  the  throttle,  and  a  decrease  in  speed 
opens  it. 

In  the  standard  control,  which  is  illustrated  schematically  in 
Yvg,  131,  the  governor  A  moves  an  electric  controlling  switch  B, 
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which  governs  the  circuits  of  a  set  of  ironclad^  magnets  C, 
controlling  a  set  of  pilot  valves  D.  The  switch  contacts  are 
arranged  so  that  the  pilot  valves  open  and  close  in  a  predetermined 

rCh 


sequence,  dependent  on  the  load  conditions,  and  the  operation  of 
each  pilot  valve  is  followed  by  the  operation  of  a  corresponding 

^  For  these  electrical  coils  non-fibi*ou8  and  non-Qammable  insulation  is 
used  which  is  said  to  withstand  500**  F.,  but  seldom  is  subjected  to  more  than 
half  that  temperature. 
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nozzle  valve  E.  The  nozzle  valves  are  opened  by  steam  pressure 
admitted  to  and  exhausted  from  the  chamber  F,  the  spring  G 
serving  normally  to  maintain  the  valve  closed.  The  current  for 
energising  the  electro-magnets  is  supplied  from  the  exciter  circuit. 

In  order  to  minimise  the  number  of  valves  for  taking  care  of  a 
given  load,  all  of  the  valves  except  one  control  more  than  a  single 
nozzle.  By  a  suitable  arrangement  of  the  controller  connections, 
the  groups  of  nozzles  and  the  single  nozzle  may  be  combined 
together  so  as  to  give  any  desired  regulation.  With  the  arrange- 
ment illustrated,  regulation  of  the  power  is  possible  in  equal  steps 
down  to  one-tenth  of  the  full  power  of  the  machine.  The  finer 
regulation  is  6,ccomplished  by  means  of  the  throttle  valve  H  ;  and 
in  order  that  the  throttling  may  have  the  minimum  effect  on  the 
economy,  this  throttle  valve  only  operates  on  the  steam  supply 
through  a  single  nozzle.  The  throttle  valve  rod  is  connected  to 
one  end  of  a  rocking  lever  I,  the  other  end  of  which  is  attached  to 
the  controller  actuating  connection.  The  governor  actuated 
mechanism  is  connected  to  the  lever  I  at  a  point  nearer  the 
throttle  valve  rod  than  mid-position,  so  that  the  throttling  always 
precedes  each  change  of  valve  grouping  effected  by  means  of  the 
controller,  that  is,  the  throttle  valve  always  moves  so  as  to  attempt 
to  take  care  of  the  change  of  load,  and  if  it  finds  that  it  cannot  do  so 
the  controller  comes  into  operation,  and  causes  the  operation  of 
another  valve  or  valves. 

Another  arrangement  of  ironclad  magnet  and  valves  to  a  larger 
scale  is  shown  in  Fig.  132,  and  a  third  in  Fig.  133. 

Number  of  Nozzles. — Enough  nozzles  are  provided  to  run 
the  turbine  at  f uU  load  non-condensing,  which  is  claimed  to  give 
the  turbine  an  overload  capacity  of  about  100  per  cent,  when 
operating  condensing  with  28"  vacuum ;  assuming,  of  course,  there 
is  sufficient  boiler  capacity  installed  to  supply  this  extra  quantity. 

The  number  of  valves,  corresponding  to  the  number  of  sections 
in  the  expanding  nozzles,  stated  for  some  sizes  of  units  on  page  206 
refer  to  the  design  prior  to  the  adoption  of  groups  of  nozzles  under 
one  valve. 

The  variation  of  pressure  in  succeeding  stages  may  be  seen  in 
the  tests  of  2000  kilowatt  unit  on  page  221,  which  also  gives 
corresponding  temperatures  and  superheats. 

Gtovemor. — The  governor  is  a  spring-loaded  centrifugal 
mechanism,  mounted  on  the  top  of  the  shaft  in  vertical  type  Curtis 
turbinea  It  is  illustrated  in  Fig.  129,  500  kilowatt  size,  and 
Fig.  130,  5000  kUowatt  size. 
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As  an  alternative  device,  a  type  of  pilot  valves  operated  by 
cams  on  a  shaft,  moved  by  the  aid  of  a  hydraulic  device  under  the 
control  of  the  governor,  has  been  made  experimentally,  but  requires 
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Fio.  182. — Another  Arrangement  of  Electrically-controlled  Pilot  Valve 

and  Main  Valve. 

Duplicate  Pai'ts  bear  the  same  Number  in  aJboi'ti  three  Illust rations, 

an  exceptionally  powerful  governor.     This  has  not  been  developed 
commercially. 

The  governor  is  usually  set  for  a  speed  regulation  of  2  per  cent, 
between  full  load  and  no  load. 
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Emergency  Governor.— On  the  shaft  below  the  electric 
generator  and  above  the  steam  turbine,  in  Curtis  turbo-generators 
with  vertical  shafts,  a  centrifugal  device  balanced  against  a  spring 
is  located.  This  shutfl  off  steam  by  tripping  a  trigger  which  drops 
a  weight,  instantaneously  closing  a  butterfly  valve  in  the  main 
steam  pipe  when  the  speed  of  rotation  exceeds  a  predetermined 


Fio.  188.— Electrically-operated  Valves  and  Emergency  Stop  Valve 
Levers :  600  K.  W.  Curtis  Turbine  at  Cork. 

limit,  usually  15  per  cent,  above  normal.  It  is  shown  partly  in 
Figs.  129  and  133,  p.  196. 

Vertical  Shaft. — For  driving  electric  generating  machinery 
for  units  above  500  kilowatts  the  vertical  shaft  (already  mentioned) 
was  introduced,  having  a  large  footstep  bearing,  supplied  with 
lubricant  (oil  or  water)  under  such  a  pressure  that  it  supports  the 
weight  of  the  rotating  parts. 

Obviously  this  gives  the  simplest  shaft  design. 

Footstep  Bearing. — The  film  of  oil  or  water  which  supports 
the  rotating  parts  is  about  005  inch  thick. 
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Tablb  XLVIII. — Oil  Supply  ^  to  Footstep  Bearinq  op  Vertical 
Curtis  Turbo-Generator,  when  Oil  is  used. 


I'liit. 
500  K.W. 

Pressure  lbs. 
per  sq.  Inch. 

Safe  Flow 
per  Minute. 

Gallons. 

I 

Oil  Pump  Capacity. 

Gnllons.    |  Pressure. 

1 

2i             225 

:    When  Oil  is  used 
for  Footstep. 
Baffle  Pressure  for  i 
other  Bearings.'^ 

45 

180 

1000  K.W. 

380 

3 

475 

!              95 

2000  K.W. 

420 

3 

525 

105 

3000  K.W. 

520 

3| 

650 

130 

5000  K.W. 

640 

4 

6 

800 

160 

1  A.  H.  Kruesi,  Den^ 
Features  of  Vertical  Cu 

rer,  June  1005, 
rtis  Steam  Tur 

Meeting  National  Electric  Light  Association,— "  Operating 
bines." 

2  Concerning  oil  In  c 

»lher  bearings, 

see  p.  204,  also 

p.  212. 

Fig.  134.  -Step  Bearing  for  2000  K.W.  CurtiB  Steaui  Turbine. 

The  bearing  consists  of  two  circular  cast-iron  plates  (Fig.  134), 
one  being  fixed  to  the  shaft ;  through  the  other,  the  stationary  plate, 
the  oil  or  water  is  forced  by  a  pressure  pump. 
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This  footstep  block  and  the  guide  bearing  can  be  lowered  into 
the  pit  for  renewal  or  examination  without  dismantling  the 
machine. 

A  heavy  screw,  operated  in  the  larger  units  by  worm  gear, 
supports   the    bearing    block,    and   is    used    for    adjustments   of 


Fio.  136.— Footstep  Bearing,  6000  K.W.  American  Curtis  Turbine. 


clearances.     Inspection  holes  are  made  in  the  casing  for  viewing 
the  clearance  when  making  adjustments. 

With  separate  condenser  arrangement  or  oil  lubrication  it  is 
necessary  to  provide  packing  between  the  exhaust  chamber  and 
the  atmosphere  (Fig.  135).  This  packing  consists  of  three  carbon 
rings  closely  fitting  the  shaft,  and  having  between  the  two  upper 
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rings  a  low  pressure  of  steam  maintained  to  prevent  leakage  of  oil 
into  the  condenser. 

With  water  lubrication  in  the  footstep  the  water  discharges 
through  a  guide  bearing,  taking  the  place  of  the  above  packing 
between  the  atmosphere  and  the  condenser.  The  water  from  these 
bearings  passes  off  with  the  condenser  discharge  (see  Fig.  136). 

The  amount  of  water  is  3  per  cent,  to  5  per  cent,  of  the  amount 


Fio.  136. — Curtis  Turbo- Generator  with  Subbase  Condenser. 

used  for  steam.  Except  when  running  non-condensing,  the  supply 
for  the  footstep  is  taken  from  the  air-pump  discharge,  thus  neither 
adding  nor  taking  water  from  the  hot-well  system.  Water  from 
the  air-pump,  being  free  from  air  and  impurities,  is  most  suitable 
for  this  purpose. 

Other  Bearings. — A  tank,  fed  through  a  resistance  from  the 
footstep  oil  pump,^  when  oil  is  used  for  this  delivers  oil  by  gravity 
to  the  middle  and  upper  bearings. 

I  See  Baffle  Pressure,  Table  XLVIII.,  p.  202. 
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The  middle  bearing  is  made  in  halves  and  can  be  removed 
sideways. 

The  upper  bearing  can  be  lifted  off  the  end  of  the  shaft  after  the 
governor  has  been  removed. 

Glands. — Packing  is  provided  around  the  shaft  below  the  upper 
bearing. 

Quantity  of  Oil. — Through  the  upper  and  middle  bearings  the 
circulation  amounts  to — 

10  gallons  of  oil  per  hour  in  a  500  kilowatt  unit 
30  „  „  5000 

the  oil  being  strained  and  cooled  after  each  passage  through  the 
bearings. 

Accumulator. — An  accumulator  is  supplied  by  the  same 
means  as  the  footstep,  and  it  stores  enough  lubricant  under 
pressure  to  keep  the  footstep  supplied  during  some  ten  minutes 
During  this  period  an  audible  signal  calls  attention  to  the  fact 
that  this  reserve  is  being  used  up. 

If  the  supply  of  lubricant  to  the  footstep  bearing  is  interrupted, 
or  is  less  in  pressure  than  it  should  be,  a  switch,  which  is  held  shut 
by  that  pressure,  automatically  opens  the  electric  control  circuit 
of  the  valve  magnets,  elsewhere  described  (p.  197). 

The  opening  of  this  switch  can  also  be  made  to  close  ah  auxiliary 
circuit,  which  on  closing  trips  the  circuit  breaker  of  the  generator. 
It  is  then  impossible  for  the  generator  to  receive  current  from  other 
sources  which  might  motor  it.  In  fact,  without  this  device  such 
an  accident  did  happen  in  Fisk  Street  station  of  the  Commonwealth 
Electric  Company'  of  Chicago,^  resulting  in  considerable  damage, 
where  three-phase,  twenty-five  cycle,  6600  volt,  5000  kilowatt 
Curtis  turbo-alternators  are  installed,  supplying  rotaries  which 
also  draw  power  from  another  generating  plant. 

Condensers. — In  the  plants  using  Curtis  turbines  in  Great 
Britain  there  are  various  types  of  surface  condensers  installed, 
with,  we  find,  an  average  cooling  surface  of  3  square  feet  per  rated 
kilowatt.  In  America  the  cooling  surface  installed  varies  from 
3-6  to  43  square  feet  per  rated  kilowatt.  • 

Subbase  Condenser. — ^The  vertical  type  of  turbine  lends  itself 
to  a  special  design  of  surface  condenser  immediately  beneath  the 
turbine,  which  offers  advantages  in  the  absence  of  many  joints  and 
in  large  passage  for  the  low-pressure  steam. 

^  Potoer,  p.  548,  September  1904,  gives  the  Editor's  explanation  of  this 
accident. 
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Tablb  XLIX. — Areas  of  Steah  Passages. 
Ourtis  TwrhinM  with  Separate  Condensers. 


1                                       1 
1 

Size  of  units  rated 
K.W. 

Steam  Admission. 

1   % 
LI 

If 

^5 

1  ToAtm 

osphere. 

n 

•< 

To 
ins. 

Condenser. 

c 
S 

!       -   - 

Height. 

1 

ins. 

'     500 

6 

•067 

12 

1 

•22 

40 

16         11 

750 

800 

« 

-035 

12 

14 

68 

14        1-2 

1000 

8 

•05 

16 

•20 

94    j 

12        11 

15(W 

10 

X)52 

18 

•17    ' 

1 

110 

16        11 

2000 

10   ; 

1 

•039 

20' 

24 

•22 

100 

24        1-2 

3000 

12 

•038 

24 

30 

•24    i 

127 

30       1-2 

5000 

14 

•031 

30 

36 

•22    1 

162 

36 

1-1 

Curtis  Tnrfntifs  \dth  SuhfHute  Condensers, 


Fiilham    . 
Harrogate 
Hammer- 
smith 
County  of 

■London  Co. 
St  Louis 
Exhibition 

.  Boston  '^ 


150 
750 

1500 

1500 

2000 
5000 


6'  diam. 


9'  8*  diam. 


6-3 


2-2 


1  Theae  antedate  Mr  K.  .SamuelBun'ii  impruveuient.    With  his  grouping  of  nozzles  under  une 
valve  the  number  of  valves  is  reduced. 
3  Fig.  7,  Emmet's  Chicago  Paper. 

It  is  not  apparent  how  such  a  set  can  be  run  non-condensing 
while  repairs  are  being  made  to  the  condenser,  as  no  condenser 
valve  can  be  supplied  of  such  area  conveniently.^  The  atmos- 
pheric exhaust  is  about  the  middle  of  the  stages  at  the  side.  A 
subbase  type  of  condenser  is  in  use  at  Fulham  and  Harrogate 
Corporations  Electricity  Works  under  750  kilowatt  Curtis  turbo- 
alternators,  at  Hammersmith  Corporation  Electricity  Works,  and 
County  of  London  Company's  City  Road  and  Wandsworth  stations, 
1  See  area  of  exhaust  passages  above. 
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under  1500  kilowatt  units ;  also  at  Boston,  Massachusetts,  in  Edison 
Electric  Illuminating  Company's  plant,  under  5000  kilowatt  units 
(Figs.  386  to  390,  pp.  543-547). 


Fig.  137.— 500  K.W.  hlb  Volt  Continuous  Current  Curtis'.Turbo-Generator 
(¥dth  Separate  Condensing  Plant  in  Basement). 

(Northern  Ohio  Traction  Co.,  Akron,  0«) 

5000  kilowatt  units  with  separate  condenser  are  illustrated  in 
Fig.  387,  p.  544. 

Areas  of  Steam  Passages. — If  a  high  vacuum  is  to  be  attained, 
lai'ge  exhaust  areas  (in  proportion  to  the  volumes  at  low  pressures) 
are  necessary,  and  these  areas  are  tabulated  above  from  dimen- 
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sioned  drawings,  kindly  supplied  by  the  makers,  for  steam,  atmo- 
spheric exhaust,  and  exhaust  to  condenser. 

No  reduction  in  area  per  rated  kilowatt  follows  the  increase  in 
size  of  unit  with  separate  condensers.  This,  for  large  units,  is  not 
unnecessary  size  of  passages,  but  it  has  obviously  the  advantage  of 
giving  less  reduction  in  vacuum  between  the  condenser  and  the 
turbine. 

Peripheral    Speed    of  Vanes. — This   is   generally  about 

Table  L. — Sizks  and  Types  op  Curtis  Turbo-Qenerators  which 
have  been  built. 

Continuous  Current  Sets. 


^ 

M 

•0 

1 

it 

1 

1 

1 

Type. 

2 

_^_ 

5    8 

u 

5000 

1 

Non-con- 

Hori- 

2 

60 

Loco  Headlight  Shunt 
wound. 

densing. 

zontal. 

151 

4000 

»» 

2 

»> 

80 

Train  Lighting. 

1 

1      i> 

1) 

2 

»» 

,    125 

251 

.3600 

» 

»' 

i» 

ji 

75 

i  2400 

2 

Both 

>' 

4 

•1 

1501 

1  2000 

2,3 

jt 

>1 

>j 

125  & 
,    250 

11 

'  1800 

4 

•> 

»> 

»i 

1    125 

300 

1800 

3 

>» 

>» 

•' 

1    250 

2000 

4 
3 

Con- 
(leiiping. 

?» 
»» 

•» 

550 

Two  (Jenerators  one 
Turbine. 

I  600 

1800 

»' 

yy 

»> 

yy 

1  500 

,t 

2 

J* 

Vertical. 

M 

»i 

Cork  Trams,  Fig.  129. 

20(X) 

750 

j» 

yy 

575 

»SVep.  212. 

1  25  per  cent.  overloMi  fur  two  hours     Shunt  or  compound  wound. 

3  16  lbs.  per  sq.  inch  oil  pressure  supplied  by  pump  throuRh  worm  gear  off  turbine  shaft. 


325  to  400  feet  per  second  (about  100  to  125  metres  per 
second). 

Pressure  Regulation  in  the  Stages. — In  the  earlier  two- 
stage  machines,  second  stage,  hand  operated  valves  were  provided 
for  adjusting  the  pressure  for  any  load. 

While  it  is  desirable  to  approximately  maintain  correct 
pressure  relation  between  the  stages  at  all  loads,  variation  in 
the  pressures  can  be  allowed  without  materially  affecting  the 
economy. 
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Table  Ll.—Tvx>- Phase  and  Three-Phase  Sets,    60  and  60  Cycles. 


EatedK.W.,    ^1^ 


Cycles 

per 

second. 


Condensing 

Stages. 

or  Non- 
condensing. 

Shaft. 

Poles. 

YoIU. 

3 

Condens- 
ing. 

Horizontal. 

2 

1 
2,300* ! 

2 

Vertical. 

4 

79 

4 

»» 

11 

yy 

7 

»» 

6 

yy 

2 

11 

8 

11 

4 

» 

8 

3,500 

4 

)) 

12 

2,300 

>» 

11 

14 

6,900^ 

:5 

11 

... 

6,600 

4 

1} 

4 

3,000 

3 

„ 

97 

4 

4,000^ 

»j 

»? 

yy 

6 

6,600 

»» 

yy 

6 

11,000^ 

jj 

„ 

yy 

8 

2,300 

j» 

j» 

" 

10 

3,000 

1  Overload  capacity  25  per  cent  for  two  hours.  Oil  pressure  pump  through  worm  gear  off 
shaft,  15  lbs.  per  sq.  inch. 

2  Excitation  5  K.W.  at  full  load. 

3  Newport,  Rhode  Island.  This  appears  to  be  rated  at  nearly  0*6  K.W.  per  moving  vane,  as 
the  Newport  turbines  have  six  rows  of  revolving  vanes,  4  rows  of  fixed  vanes,  2  nozzles,  1395  total 
number  of  vanes  3  phases  (Emmet  at  Chicago,  -1904). 

*  1500  K.W.  8  rows  revolving  vanes,  4  rows  fixed  vanes,  4  nozzles. 
s  Boston  Edison  Co.    Figs.  388  to  390,  also  Pigs.  38(5,  387,  pp.  543-647. 

6  Melbourne. 

7  Yorkshire  Power  Co.    Figs.  397,  399.    For  2CO0  K.W.  see  Figs.  891  to  393,  pp.  648-549. 


Table  Lll.— Two-Phase  and  Three-Phase  Sets.    40  and  25  Cycles. 


Rated  K.W. 

Speed 
R.P.M. 

Cycles 

per 

second. 

40 

Stages. 

1500 

800 

2 

800 

1500 

25 

4 

1000 

yy 

11 

11 

2000 

750 

11 

11 

11 

11 

11 

11 

5000 

500 

11 

21 

11 

yy 

11 

4 

11 

11 

If 

6 

80002 

750 

11 

11 

Condensing 

or  Non- 
condensing. 


Condens. 


Shaft. 


Vertical. 


Poles. 

6 
2 

11 
4 

11 
6 


Volts. 


I 


2,300 

10,000 

i     6,600 

i     2,300 

I     6,600 

!     2,300 

6,600 

11,000 

I     6,600 

I 


1  Four  5000  K.W.  Curtis  turbines  for  Commonwealth  Co.,  Chicago,  had  two  stages  8  rows 
revolving  vanes,  6  rows  fixed  vanes,  30  valves  in  two  sets  of  15  for  admission.  Hie  cast-iron 
diaphragm  was  fitted  with,  hand-operated  valves  supplying  second  stage.  It  was  intended  to 
replace  these  by  automatic  second  stage  valves.  (Emmet's  Chicago  Paper,  June  1904,  Amer. 
Soc.  Mech.  Bngrs.). 

^  Stated  as  9000  K.W.  twenty-four  hour  rating,  50  per  cent,  overload  for  two  hours,  in  Blee. 
World  and  Sngr.,  p.  885,  Sept.  2, 1905,  for  Waterside  Station  No.  2,  New  York  Edison  Co. 

14 
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If  the  valves  are  set  to  give  normal  pressure  in  the  first  stage 
at  full  load,  a  partial  vacuum  may  exist  in  the  first  stage  when 
running  on  light  loads.  This  reduces  the  rotation  losses  due  to 
operating  in  the  rarer  medium,  and  thus  counterbalances  the  losses 
due  to  incorrect  pressure  relations  between  the  stages.  In  the 
three-  and  four-stage  turbines  the  pressure  in  the  first  stage  is 


Fig.  138.— Commutator  of  4  Pole  500  K.W.  1800  Rp.m.  650  Volt  Continuous 
Current  Curtis  Turbo-Generator. 


controlled  by  automatic  valves  which  open  or  close  nozzle  passages 
leading  to  the  second  stage. 

Hand  operated  valves  are  provided  in  the  second  stage  for 
varying  the  number  of  active  nozzles,  but  these  are  seldom 
required.  If  the  turbine  is  called  upon  to  operate,  say  at  high 
overload,  for  a  long  period,  it  will  slightly  improve  the  economy  to 
open  more  nozzles,  thereby  lowering  the  pressure  in  the  stage. 
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Table  LIII. — Clearances.     Minimum  Clearances  between  Stationary 
AND  Moving  Parts  in  Latest  Designs. 


Stages. 

Rated  K.W. 



1       X.. 

2nd.      1       »rd. 

4th. 

500 

ins. 
•04 

ins.      ,        ins. 
•04              ^04 

ins. 
•05 

5000 

•08 

1 

•08              -09 

•12 

All  the  stationary  vanes  are  rigidly  fastened  to  the  turbine 
shell,  and  the  adjustment  of  the  clearance  is  made  by  means  of 
the  adjusting  screw  under  the  footstep. 


Table  LIV.— -Dimensions  and  Weights  (approximate)  op  Combined 
Turbine  and  Generator  (Condenser  not  included). 


K.W. 

Dimensions  in  Plan. 

Height. 

JLbi.perK.W. 

Lbs. 

1     ft.    in.      ft.    in. 

ft.        In. 

1 

500 

1     8     Ox    7     8 

14       6 

7    8  diam. 

12       4 

100* 

50,000 

800 

'     7     Ox   6    9 

16       9i 
16       4| 

1000 

9    5x   9    2              1 

1500 

10    3x10    Oi 

16       6 

832 

125,000 

2000 

11     1x10    8              1 

17       6 

1          95 

190,000 

3000 

13    6x13    0 

19     10^ 

92 

275,000 

5000 

15    3x14  10 

25       6 

763 

380,000 

15     4x15     2 

27       7 

8000 

1           11            11 

32       0 

88 

700,000 

■ l__ ' _. 

1  Generator  21,000  lbs. ;  Turbine  26,000  lbs. ;  Accessories  8000  lbs. 

2  Condenser  instolled  by  Yorkshire  Power  Co.  (Fig.  S97)  adds  38,6oO  lbs.  to  tliis. 

8  Sevolviug  part,  126,000  lbs. ;  SUtionary  part,  256,000  lbs. ;  Generator  field,  46,000  lbs. 
Generator  Armature,  66,000  lbs.  (heaviest  single  partX 


Table  LV. — Dimensions  and  Weights  (approximate)  of  Turbo- 
Generators,  including  Subbasb  Condensers. 


K.W. 


Plan. 


Height. 


ft.     in.      ft.     in.    I      tt.      m. 

7601   I     10    6x   8    6     '     10       6 

16002        11     0x10    0     '     19      6 


Turbo- 
Generator. 


Lbs.  per  K.W. 

Condenser. 


59 
63 


42 
35 


1  Air  pump  in  plan  40  sq.  ft.  and  weighs  2  tons. 
«  „  50       „         „  S    „ 


Total.  I 

Lbs.  I 


76,000 
147,000     ! 
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Dorchester  Unit. — This  is  a  direct-current  2000  kilowatt 
Curtis  General  Electric  machine,  750  revolutions  per  minute,  10 
poles,  575  volts,  and  weighs  complete  95  lbs.  per  kilowatt, 
190,000  (lbs.  total).  Height  21  feet,  diameter  of  base  11  feet  2 
inches.  The  guaranteed  steam  consumption  with  180  lbs.  steam 
pressure,  100°  F.  superheat,  and  not  over  2  inches  absolute  back 
pressure  in  the  condenser,  is  as  follows : — 


K.W.  at  the 
Switchboard. 

Lbs.  pe 
Hour. 

1000 

19-6 

1500 

18-8 

2000 

18-0 

2500 

18-4 

For  the  step-bearing  water  is  supplied  by  either  of  two 
steam  pumps,  delivering  75  gallons  per  minute  at  800  lbs.  per 
square  inch.  For  the  other  bearings  oil  is  supplied  by  either 
of  two  pumps,  delivering  0*8  gallons  per  minute  at  35  lbs. 
pressure. 

Brake.  — To  stop  the  turbo-generator,  a  brake  bearing  on  the 
lower  surface  of  a  chilled  cast-iron  ring  is  sometimes  provided,  with 
the  brake  shoes  set  about  0*01  inch  below  the  brake  ring. 

It  is  said  that  the  revolving  part  of  the  5000  kilowatt  machines 
in  Fisk  Street  Station  of  the  Commonwealth  Electric  Co.  of 
Chicago  continued  to  run  for  four  or  five  hours  after  the  steam 
had  been  shut  off,  if  no  load  was  put  on  the  generator  to  act  as  a 
brake. 

Manufacturers  of  Curtis  Turbines.  —  There  are  four 
companies  engaged  in  manufacturing  this  type  of  machine — the 
British  Thomson-Houston  Co.  at  Rugby,  Compagnie  Franijaise 
Tliomson-Houston  in  Paris,  AUgemeine  Elektricitats  Gesellschaft, 
Berlin,  and  the  General  Electric  Company  at  Schenectady  and  Lynn, 
U.S.A.  There  are  a  few  of  these  turbines  in  service  in  England  of 
750  and  1500  kilowatts  rated  capacity.  In  America  there  are  **  in 
use  and  under  construction  "  two  of  8000  kilowatts,  about  twenty- 
four  of  5000  kilowatts  rated  capacity,  and  eight  of  3000  kilowatts 
rated  capacity,  and  one  of  5000  kilowatt  was  installed  as  long  ago 
as  October  1903,  also  eighteen  of  2000  kilowatts,  twenty-four  of 
1500  kilowatts,  and  125  of  500  kilowatts. 

At  Rugby  the  following  have  been  constructed  :• — 

Yorkshire  Power  Co 3  of  1500  K.W. 

Lancashire         „  .4         „        >, 

Haiumei'^mitli  Corporation  .1         „        „ 
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County  of  London  E.S.  Co. 

.     2  of  1500  K.W 

Leeds  City  Tramways 

2       1000     „ 

Wimbledon  Corporation 

1 

n 

Melbourne           „ 

1         „ 

» 

Fulham                „ 

1         750 

» 

Harrogate            „ 

1         » 

)t 

Rangoon 

2         „ 

> 

Messrs  Bolckow,  Vaughan  &  Co. 

1         500 

»* 

Steam  Oonsumption. — On  steam  consumption  we  have  not 
enough  data  to  make  comparisons  such  as  have  been  made  in  the 


I 


1 


5? 
V 


30 


InitUl  Fre^burt  by  Gduge/fi  KgptrSc^  Cm. 
.1 


5$ 


(0 


Fio.  139.— Effect  of  Change  in  Initial  Pressure  in  600  K.W.  Curtis 
Steam  Turbines. 

earlier  chapters  on  other  types  of  turbines.  The  student's  point 
of  view  is  quite  different  from  the  manufacturer's;  and  so  long 
as  the  demand  is -what  it  seems  to  be,  it  may  be  natural  for 
turbines  to  be  supplied  without  exhaustive  tests  being 
published. 

The  English  and  the  American  makers  have  kindly  given  per- 
mission for  their  tests  to  be  reproduced  showing  the  effects  on  steam 
consumption  of  changes  in  initial  pressure  in  a  600  kilowatt  Curtis 
steam  turbine  (Fig.  139,  above),  the  effect  of  changes  in  vacuum 
in  a  500  kilowatt  and  in  a  600  kilowatt  unit  (Fig.  140,  p.  2U),  and 
the  effect  of  varying  the  superheat  (Fig.  141,  p.  215). 


214 


STEAM  TURBINE   ENGINEERING 


500-Kilowatt  Tests. — An  alternating  current  500  kilowatt 
unit  was  installed  at  Rugby  over  two  years  ago,  and  continuous 
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A  =  150  lbs.  per  Sq.  In.  28^  in.  Vacuum  500   K.W.,  F.  Samuel  son,  Engineering  ^ 

p.  188,  Feb.  6,  1905. 
BssDo.     do.     600  K.W.     Proceedings  Engineers  Club,  Philadelphia,  April  1904. 
C  =  140  lbs.     do.     do.     600  K.  W . ,  General  Electric  Co.  of  New  York,  May  1908. 

Fig.  140. — Curtis  Turbines  :  Efl'ect  of  Superheat  on  Steam  Consumption. 


current  units  of  same  capacity  at  Cork  and  Rugby,  Figs.  142,  143, 
and  Table  LVI. 

The  Newport  plant  contains  three  500  kilowatt  Curtis  turbo- 
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alternators,  3  phase,    60  cycles,  4  poles,   1800   revolutions   per 
minute,  coupled  to  one  Wheeler  surface  condenser,  with  20  horse- 
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Curve  A  =  150  lbs.  per  Sq.  In.  116°  F.     F.  Samuelson,  in  Engineering,  p.  183,  Feb.  5, 
1904. 
, ,      B = 140  Iba.     do.     do.     General  Electric  Co.  of  New  York,  p.  273-8,  May  1908. 

FiQ.  141.— Effect  of  Varying  Vacuum  on  500  and  600  K.  W.  Curtis  Steam  Turbines. 

power  circulating  pump  motor,  15  horse-power  motor,  driving 
Edward's  air  pump,  operating  with  vacuum  between  28^  and  29 
inches.     The  motor-driven  oil  pump  for  bearings  has  a  cylinder  1 
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inch  in  diameter  by  3  inches  stroke,  and  has  an  input  of  3  amps. 
85  volts.  Oil  is  used  for  footstep  and  other  bearings,  and  9  gallons 
is  the  consumption  per  month  for  each  unit. 


200     JOO    400     ^00     600     'XO 
/f//oArgiWs 

A  =  160  lbs.  per  Sq.  In.  (11 '2  Kgs.)  Zero  Superheat,  95  per  cent.  Vacuum. 

B=  „  „  125/150*' F. 

C  =  165      „  (11-5  Kgs.)  115*' F.  64'C.       „ 

D=  „  „  290'F.(166''C.)„ 

Fig.  142. — Steam  Consumption  of  500  K.W.  Curtis  Turbine  Vacuum 
Constant  at  95  per  cent. 


The  circulating  water,  when  taken  in  at  SB**  F.  in  winter  and 
72**  F.  in  summer,  is  discharged  at  55°  F.  in  winter  and  90°  F.  in 
summer. 

One  30  kilowatt,  125  volt  generator,  driven  by  a  305  revolu- 
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tions  per  minute  steam  engine,  having  cylinder  of  11  inches  dia- 
meter by  8  inches  stroke,  and  a  generator  of  35  kilowatt,  720 
revolutions  per  minute,  driven  by  an  induction  motor,  supply  the 
exciting  current. 

Mr  R  Samuelson's  tests  on  an  alternating  500  kilowatt  unit  at 


/m    ait>   JX)   ^  \il»   ^   ^ 

A =155  lbs.  |)er  Sq.  In.  Abs.  (10 '9  Egs.)  Zero  Superheat  95     per  cent  Vacuum. 
B=  ,.  „  „  150»F.       „      (88-0.) 

C  =  215  „  „  (15-1  Kgs.)  150- F.       „      (88'' C.) 

Fio.  143.— Steam  Consumption  of  a  600  K.W.  Curtis  Turbine  at  Various 
Loads,  Vacuum  Constant  at  95  per  cent. 

Rugby  were  presented  to  the  Kugby  Engineering  Society,  November 
1903.  Mr  Chas.  Merz,  consulting  engineer  to  Cork  Tramways, 
published  some  tests  on  a  500  kilowatt  continuous  current  set 
installed  at  Cork. 
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A  500  kilowatt  Curtis  turbo-generator,  installed  by  the  Oshkosh 
Gas  Light  Co.,  Wisconsin,  U.S.A.,  in  December  1904,  was  tested  by 
Mr  Otto  E.  Osthoff,  of  Messrs  H.  M.  Byllesby  &  Co.,  consulting 
engineers,  on  what  he  called  commercial  runs,  averaging  one  hour 
for  each  load.  The  generator  is  wound  for  3  phases,  60  cycles, 
2300  volts ;  the  condenser,  by  Worthington,  has  2000  square  feet 
cooling  surface.  The  footstep-bearing  is  supplied  with  water  at 
300  lbs.  per  square  inch  from  either  of  two  Worthington  double- 
acting  pumps,  which  also  supply  an  accumulator  as  a  reserve  in  case 
the  pump  faila  The  two  upper  bearings  are  lubricated  with  oil  by 
gravity. 


TablrLVII.  -Trhtb  on  2000  K.W.  Curtis  Stbam  Turbines. 


I 


Test. 

--i  Pounds  of 

Pressure.   Inches  of 

Absolute 

Supei^ 
heatr. 

Rerolu- 

Load 

Steam  per 
Duration,  i  K.W.H. 

^iT.r 

Mercury. 
Vacuum. 

Back 
Pressure. 

minute. 

Seferenoe.1 

K.W. 

MiouteB.  1 

164  gauge 

1-86 

Z«ro 

00         (UlOIbfl. 

166 

" 

June  1006. 

per  hour) 

Zero 

Field      (1680  Iba. 
excited     per  hour) 

166 

88 

IW 

968 

Kay  8, 1006. 

• 

566 

00         uoe 

166 

1-46 

804 

June  1006. 

660 

1706 

168  gauge 

88-4 

SIO 

080 

lUy8.1006. 
Test  No.  5. 

686 

20-04 

148 

281 

207 

687 

1      201 

150  gauge 

28-2 

215 

750 

Mar.  12, 1904. 

1000 

'      16-88 

177 

28-9 

284 

,. 

Test  No.  4. 

1000 

16-8 

160  gauge 

28-9 

242 

760 

Mar.  12,  1904. 

1010 

,      16-87 

167      ., 

88-88 

180 

088 

Kay  8, 1006. 

1006 

,      16-88 

171 

88-48 

106 

088 

^S.'iiS'- 

vom 

56             16-81 

170 

1-40 

180 

1740 

16-8 

165  gauge 

28-7 

202 

760 

Mar.  11, 1904. 

1760 

14-2 

140      7 

28-5 

200 

760 

Feb.  28, 1904. 

1070 

16-18 

168      , 

88-16 

810 

018 

Apr.  27, 1906. 
Iifay2, 1906. 

1070 

1680 

166       . 

8881 

106 

018 

2000 

16-8 

160 

28-8 

242 

760 

Mar.  12, 1004. 

0006 

16-8 

168      „ 

88-87                               186 

818 

Kay  8, 1006. 

2016 

16-24 

166 

28-7 

252 

Test  No.  8. 

2074 

1      16-02 

166  gauge 

1-49 

207 

w 

June  1005. 

2208 

16-46 

176 

28-'5 

198 

Test  No.  2. 

2210  1         ..         1      16-2 

160  gauge 

28-5 

212 

760 

Mar.  11, 1904. 

2400 

18-6 

156      „ 

28-5 

2S8 

760 

Feb.  26, 1904. 

2747 

16-87 

174 

(n 

195 

Test  No.  IB. 

2754 

15-67 

174 

28-4        1 

221 

Test  No.  U. 

2760 

16-2 

160  gauge 

28-86      1 

192 

750 

Mar.  11, 1904. 

1  The  1905  tests  were  made  on  a  4>8tage  turbine  of  essentially  the  same  design  as  machines 
built  two  years  earlier,  but  run  at  higher  vane  or  bucket  speed,  and  with  improyed  vanes  and 
nozzles. 

The  numbered  tests  as  stated  above  were  on  a  3-stage  turbine. 

The  numbered  tests  indicated  by  x  in  Fig.  144  are  taken  from  a  summary,  p.  43,  Proceedings 
of  National  EUctrie  Light  Aeweiatum,  Boston,  Mass.,  May  1904,  "Beport  of  the  Ciommittee  for 
the  Investigation  of  the  Steam  Turbine,"  W.  C.  L.  Eglin,  F.  Sargent,  and  A.  C.  Dunham. 

The  1904  tests  indicated  by  0  in  Fig.  144  are  taken  from  p.  204,  Proceedingt  of  Engimerg' 
Club  of  Philadelphia,  April  1904,  W.  L.  R.  Emmet. 

The  1905  tests  indicated  by  D  in  Fig.  144  are  from  p.  17,  I*roeeeding$  National  BUetrie 
Light  Auodatitm,  Denver,  June  11, 1905,  Augustus  H.  Kruesi.  The  June  1905  tests  indicated  by 
A  in  Fig.  144  are  by  Messrs  Sargent  and  Ferguson,  St.  Ry.  Jour.^  p.  150,  July  22, 1905. 

Ko&Hxmdensing.— "  At  rated  load  non-condensing,  about  twice  as  great  as  it  would  be  with 
good  vacuum."— fP.  L.  R.  Emmet.    Compare  columns  12/18  Table  LVI. 
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Fio.  144.— Tests  on  2000  K.W.  Curtis  Steam  Tmbines. 
{Su  Table  LVII.  f(yr  eoTiditions,) 


Table  LVIII.— 2000  K.W.  Test  in  bach  of  Three  Stages. 


Test  Number 

lA. 

IB. 

2. 

3. 

4. 

5. 

Load,  K.W.      . 

2754 

2747 

2203 

2016 

1000 

636 

Steam,  lbs.  per  K.W.H.   . 

16-57 

16-37 

15-46 

16-24 

16-38 

20-94 

PresmreSy  lbs.  per  sq.  in. : 

- 

Throttle 

174 

174 

176 

165 

177 

148 

Iststase 

54-5 

... 

46-5 

48-8 

26-5 

12 

2nd    „          .        .        . 

23-3 

. .. 

15- 

13-4 

71 

5-4 

3rd    „          ... 

4-4 

4-2 

3-7 

2-9 

2-2 

Condenser    . 

•8 

•72 

•64 

•54 

•94 

Temperatures,  °F. : 
Throttle  R  . 

591 

566 

566 

618 

606 

565 

„        L    .        .        . 

691 

566 

554 

433 

426 

418 

2nd  stage  K . 

379 

370 

373 

371 

320 

».          9i           ^^  ' 

327 

317 

322 

315 

262 

3rd     „         ... 

269 

otto 

259 

141 

215 

Condenser    . 

105 

103 

93 

124 

116 

Superheat,  °F. : 
Throttle  R   . 

221 

193 

252 

234 

207 

„       L    .        .        . 

221 

182 

67 

64 

60 

2nd  stage  R . 

138 

167 

166 

193 

155 

„      „      L. 

86 

104 

116 

137 

97 

3rd  stage 

112 

111 

113 

72 

85 

Condenser    . 

10 

7 

6 

42 

" 
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The  summary  of  numbered  tests  referred  to  above  gives  the 
following  interesting  figures  on  each  of  the  three  stages  in  the  2000 
kilowatt  unit  tested.  These  tests  were  probably  made  at  the 
makers'  works,  and  may  have  been  on  the  same  machine  as  those 
reported  under  dates  February  and  March  1904  above. 

Table  LIX. — Power  fob  Auxiliaries. 


o 

Rating  of  Motors. 

Bated 

II 

Size  of 
Unit. 

Air  Pump. 

Circulating. 

step  Bearing. 

o  1 

Place. 

500> 

'  3 

15  H.P. 

20  H.  P. 

Newport,  R.I. 

1 

Input  1-8 
K.W. 

Input  7-1     Input  03 
K.W.           K.W. 

Bugby.2 

750 

1 

12  H.P. 

35  H.P      !  1-5  HP. 

Fulham,  London. 

1500 
•2000 

5000 

3 

5 

1 
2 

9  K.W. 

See  Fig.  145 
Input  1800 
lbs.  steara 

18  K.W. 

Input 5400 
lbs.  steam 

Schenectady. 

Quincy. 

St  Louis  Exhibition 

Boston  Edison  Co. 

1 

per  hour 

per  hour 

I  Chicago  Edison  Co. 


5000     ...    "  All  auxiliaries  driven 
by  a  single  cylinder 
!     Corliss  engine,  which 
j     delivers    70    LHP.  , 

;     when  5000  K.W.  unit  |  , 

is  nmning    at    full  |  i 

load."  1  I  ] 

-1  I  _    ; 

1  Emmet,  Proceedings  Engrn.  Cluby  Philadelphia,  xxi.  p.  208,  April  1904. 

2  F.  SarouelBon,  Rugby  Engineering  Society,  Nov.  6, 1903.    See  also  p.  454  for  data  on  other 
plants,  and  p.  430  for  input  to  auxiliaries. 


I 


., . 


^f^U  Lom.d 


Fio.  145.— Power  used  by  Auxiliaries  to  2000  K.W.  Curtis  Turbine. 
C  =  Circulating  Pump.  A  =  Air  Pump,  L  =  Lift  Pump /rani  hot  tcell. 

"  Casual  Observations  "  of  Power  Output  from  Stepdown  Transformei's  supplying  Con- 
stant Speed  Motors  at  St  Louis  Exhibition  (assuming  the  power  constant  for 
all  loads).  From  P^^orf  Am,  St,  Ry.  Assoc,  Oct.  1904,  p.  184,  by  Mr  J.  B. 
Bibbins. 

Other  Illustrations. — In  the  chapter  on  Examples  of  Turbine 
Plants  several  Curtis  Installations  are  listed  and  illustrated. 
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Fig.  146  shows  the  revolving  part  of  a  vertical  four-stage 
turbine  froni  a  photograph  taken  with  the  shaft  in  a  horizontal 
position,  thus  giving  incorrect  light-and-shade  efifect.  Each  stage 
has  two  rings  of  revolving  blades. 

Fig.  147  is  an  outline  to  scale  of  the  750  K.W.  Curtis  set  at 
Harrogate,  with  subbase  condenser  and  motor-driven  three-throw 
pump.     Fig.  402,  p.  558,  shows  the  750  K.W.  set  at  Fulham. 

The  alternating  set  on  which  the  tests  in  Table  LVI.,  column 
5,  were  made,  is  illustrated  in  Fig.  148. 

Low-pressure  Curtis  Turbine. — A  low-pressure  800  kilo- 


Fio.  1-16.— Revolving  Part  of  a  Four-Stage  Curtis  Turbine. 

watt  set  at  the  plant  of  the  Philadelphia  Rapid  Transit  Company 
at  Mt.  Vernon  and  13th  Streets  uses  the  exhaust  from  a  plant 
(previously  non-condensing)  of  four  Corliss  type  engines,  totaling 
8000  K.W.,  and  exhausts  into  an  Alberger  surface  condenser 
which  is  stated  {Street  By.  Journal^  p.  1102,  Dec.  23,  1905)  to 
have  8000  square  feet  of  surface. 

This  appears  to  be  a  four-stage  turbine,  with  four  rings  of 
moving  vanes  or  blades. 

It  is  claimed  that  from  the  exhaust  of  one  of  the  Corliss  sets 
(rated  1500  K.W.)  with  1150  K.W.  load,  750  KW.  is  developed. 
Of  this,  85  K.W.  is  expended  on  driving  auxiliaries  which  include 
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the  input  to  a  motor-driven  lift  pump  (motor  rated  at  120  horse- 
power) for  cooling  towers  (22  feet  diameter,  41  feet  high). 


Oa  ID  D  0  G  DO 

OBD  C  0  0  DO 


JO  CO  0  0  01 
30  0  0  0  0  CI 


END   ELEVATION. 


SIDE  ELEVATION. 
ScALC   ^18  Inch  —  I  Foot  ^ 

»       y      ?       t      »       f      ?       e       Y       w  Ff  tT 


Fio.  147.— Harrogate  750  K.W.  Single-phase  Curtis  Turbo-Generator  witli 
Allen's  2600  8q.  Ft.  Subbase  Surface  Condenser  Plant. 

{From  Proe,  Inst.  Civil  Engitiecrs.) 

Thus,  for  the  same  coal  consumption  that  gave  1150  K.W. 
non-condensing  (1150  +  750  —  85  =  ),  1815  K.W.  are  obtained  from 
the  combined  plant. 

The  guarantees  for  the  low-pressure  turbine  are : — 


With  Absolute  Admission  Pressure : 

lbs.  per  sq.  in.     ^         14'7 

Wetness  Factor zero 

Vacuum  :  Abs.  Back  Pressure  :  \hi.  per  sq.  in.  .  1 

Steam  Consumption  per  K.W.H. : 

Full  Load 36  lbs. 

Half     „ 40    „ 


14-7 

zero 
2 

45 
50 
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Fio.  148.— Bugby  Curtis  500  K  W.  Turbo-Genemtor. 


15 


CHAPTEE  VI 

RATKAU   STEAM   TURBINE 


Professor  A.  Eateau,  of  the  ficole  Sup^rieure  des  Mines,  Paris, 
has  brought  to  bear  upon  the  question  of  steam  turbine  design  his 


B*  B'  fr  B* 


V  IX' 

Fio.  149. — Rateau  Turbine,  Elevation  in  Section. 
(From  The  Electrical  Iteview.) 

A,  steam  admission.  ml,  m2,  etc.,  diaphragms  carrying  Bl, 
Bl,  B2,  etc,  guide  vanes  as  in  periphery  B2,  etc. 

of  fig.  152.  K,  exhaust  to  condenser. 

CI,  C2,  etc.,  revohdng  vane^  L,  steam  admission  to  N. 

See  note,  p.  235.  N,  reverse  vanes. 

highly  technical  knowledge,  and  has  attained  excellent  results  in 
steam  economy.  He  has  devoted  attention  to  the  problem  of 
saving  some  of  the  energy  which  was  usually  wasted  in  hoisting 
plants  and  steel  works,  in  steam  exhausted  into  the  atmosphere,  by 
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storing  the  heat  which  comes  from  the  reciprocating  engine  or 
hammer  intermittently,  in  a  regenerative  heat  accumulator  which 
gives  up  the  regular  supply  of  steam  necessary  for  a  low-pressure 
steam  turbine  to  develop  power.  Professor  Eateau  has  very 
fully  described  his  work  and  results  before  various  bodies  of 
engineers  and  others,  in  England  and  elsewhere.^ 

The  Bateau  Steam  Turbine. — To  turn  to  the  turbine 
itself,  Fig.  149  shows  a  section  of  a  Eateau  turbine  having  fifteen 
pressure  stages  of  the  smaller  diameter  and   ten   of  the  larger 


Fio.  150. — Revolving  Part  of  Rateau  Turbine  by  Messrs  Fraser  &  Chalmers. 
I      B"^'  Supplied  to  the  Steel  Co.  of  Scotland. 

diameter,  making  a  total  of  twenty-five.  In  addition,  there  are 
special  vanes  for  reversing  at  J^T,  fed  by  special  steam  pipe  L, 
exhausting  into  the  main  condenser  through  pipe  K. 

Revolving  Vanes  or  Blades. — Thin  plates,  flanged  for 
support  on  the  axle,  and  flanged  around  periphery,  and  slightly 
coned,  are  used  to  support  the  revolving  vanes  in  the  Eateau 
turbine,  Fig.  150.  The  vanes  or  blades  are  pressed  sheet,  flanged 
and  riveted  to  the  drum  (with  a  single  rivet  to  each  blade),  the 
flange  of  large  vanes  being  split.  They  are  kept  thin  to  reduce 
their  weight.  The  outer  ends  are  put  through  and  riveted  over 
on  a  nickel  steel  shroud.     30  to  35  per  cent,  nickel  steel  is  used 

^  Refer  to  Bibliography  at  end  of  tliis  book. 
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for  the  vanes.  The  flange  is  filed  to  fit  the  bend  in  the  next 
vane,  and  thus  acts  also  as  a  distance  piece  (see  Fig.  151). 

Each  ^  revolving  wheel  in  a  Sateau  turbine  is  placed  between 
two  "  diaphragms,"  illustrated  and  described  below.  That  is,  each 
revolving  wheel  is  in  a  cell  or  chamber  in  which  the  pressure  is 
practically  uniform.  This  led  Professor  Bateau  to  name  his  design 
"  multicellular." 

That  revolving  vanes  of  the  construction  used  in  Eateau 
turbines  give  satisfactory  service  is  evidence  that  they  are  not 
subjected  to  much  difference  of  pressure  on  the  two  sides  of  any 


Fio.  151. — Vanes  or  Blades  of  Rateau  Turbine. 
(Messrs  Fraser  &  Chalmers.) 

one  row.    This,  incidentally,  shows  that  the  tendency  for  steam  to 
leak  past  the  vanes  is  small. 

Pressure  Steps. — There  are  thus  as  many  pressure  steps  or 
*'  stages "  as  there  are  revolving  wheels, — these  successive  expan- 
sions of  the  steam  taking  place  in  passages  through  the  diaphragms, 
which  increase  in  cross  section  from  the  higher  pressure  side  to 
the  lower.^ 

*  Professor  Rateau,  in  his  paper  read  at  Chicago  Meeting  of  American 
Society  of  Mechanical  Engineers,  June  1904,  on  "Different  Applications  of 
Steam  Turbines,"  p.  7,  reiterated  his  opinion  that  considerations  of  steam 
economy  reduce  this  number  of  rows  of  vanes  in  each  stage  to  one.  This  differs 
from  the  practice  of  some  other  makers. 

2  Difference  between  Impulse  and  Reaction  Turbines.— In  Professor  Bateau's 
reply  to  the  discussion  on  his  paper  on  "  Steam  Turbines "  before  the  Con- 
ference of  the  Institution  of  Civil  Engineers,  he  said,  "  The  Hon.  C.  A.  Parsons 
has  said  that  there  is  no  essential  difference  between  impulse  and  reaction 
turbines,  but  it  is  quite  certain  that  they  resemble  each  other,  both  having 
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Diaphragms. — The  fixed  diaphragms  are  made,  in  small  sizes, 
of  one  casting.  In  larger  sizes  a  stronger  construction  is  provided. 
A  number  of  arms  join  the  rim  to  the  hub,  and  the  spaces  between 
the  arms  are  covered  on  each  side  of  the  diaphragm  with  planished 
sheet  steel. 


Fio.  152. — Diaphragms  of  Rateau  Turbine. 
(From  Electrical  Review,) 

Fig.  152  shows  a  group  of  diaphragms,  and  the  number  of  fixed 
"  distributor  guide  blades  "  (expanding  nozzles),  through  the  first  is 

rotary  wheels  and  guide  blades.  There  are,  however,  essential  differences 
between  the  two,  and  it  is  only  necessary  to  open  a  treatise  on  hydraulic 
engines  to  see  that  hydraulic  engineers  attach  great  importance  to  the  distinc- 
tion between  the  two  types.**  Professor  Rateau  had  not  sufficient  time  to 
develop  the  reasons  for  the  distinction,  but  stated  that  the  speed  triangle  at 
the  entrance  to  the  wheel  was  very  different  in  the  one  case  from  what  it  was  in 
the  other.  Fig.  166  shows  the  speed  triangle  and  the  shape  of  the  vanes  of 
his  impulse  turbine,  and  Fig.  164  those  for  a  reaction  turbine  (the  latter  in 
tlie  Jonval  type). 

"  As  the  steam-turbines  revolve  generally  loo  fast  for  the  work  they  have 
to  perform,  means  have  to  be  taken  to  reduce  the  speed,  and  one  of  them  is  to 
cause  the  turbine  to  work  by  impulse,  and  not  by  reaction." 
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small,  and  this  number  increases  as  the  position  of  the  diaphragm 
on  the  shaft  approaches   the   exhaust  end  of  the  turbine.    The 
complete  circumference  is  thus  occupied  in  the  last  wheels. 
The  path  of  any  particle  of  steam  through  the  turbine^  will 


|| 

a 

It  c 
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obviously  be  a  helix  ;  it  is  therefore  arranged  that  these  fixed  guide 
blades  shall  be  set  along  that  path. 

The  diaphragms  are  fixed  in  grooves  in  the  inside  of  the  turbine 
casing.  From  Fig.  153  it  will  be  seen  that  the  case  is  divided 
on  the  horizontal  diameter. 
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Fio.  154.— Reaction  Turbine, 
Jonval  Type. 


Fig.  156.— Impulse  Turbine. 


Flos.  154  and  155. — Speed  Triangles  and  Shapes  of  Vanes. 
(From  Proc,  Inst.  Meeh,  Engrs,) 
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Shaft. — The  shafts  are  made  of  nickel  steel,  and  are  stepped 
to  facilitate  the  placing  of  the  revolving  wheels. 
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The  shaft  runs  through  these  diaphragms  in  antifriction  metal 
bushes.^    The  leakage  area  around  the  shafts  is  thus  a  small  annulus. 

*  Professor  Rateau,  as  reported,  Engineering,  July  17,  1903,  p.  105,  stated 
that  he  works  to  0*2  iiiilUmetre  play,  but  he  added  that  the  shaft  makes  its 
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own  play  when  0*2  mm.  ('OOS  in.)  is  insufficient.  In  his  Chicago  1904 
paper,  "Different  Applications  of  Steam  Turbines,''  p.  13,  he  stated  the 
loss  by  leakage  and  by  friction  in  the  bearings  as  1 J  per  cent,  of  the  normal 
power  in  a  1500  B.H.P.  1500  R.p.m.  multicellular  turbine,  and  the  loss  due  to 
friction  of  the  wheels  upon  the  steam  as  2^  per  cent,  more, — 4  per  cent,  total. 
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Speed  Control. — The  speed  of  the  Rateau  turbine  at  Bruay 
can  be  varied  by  hand  regulation  of  a  spring  between  1500  and 
1800  revolutions  per  minute  {i.e.  about  10  per  cent,  either  way 
from  the  mean  speed).  In  other  cases  the  speed  control  amounts 
to  15  to  20  per  cent,  either  way. 

Expanding  Nozzle. — Dr  A.  Stodola  pointed  out  that  violent 
acoustic  vibrations,  which  he  should  always  avoid,  are  set  up  by 
using  too  short  nozzles,  ix.  by  allowing  the  steam  to  leave  the 
nozzle  at  a  slight  over-pressure,  which,  according  to  Professor 
Eateau's  tests,  "  gave  only  very  slight  decrease  in  pressure  upon 
the  moving  vanes." 

Governor  and  Compensator. — The  general  arrangement  of 
the  governor  and  compensator  that  Messrs  Fraser  &  Chalmers  em- 
ploy on  turbines  is  shown  on  Fig.  156.  The  governor  is  driven 
from  the  turbine  shaft  by  worm  gearing  as  shown  on  drawing. 
The  centrifugal  force  of  the  masses  is  in  part  balanced  by  the  trans- 
verse springs  which  are  applied  directly  to  the  masses ;  an  exterior 
regulating  spring  S  is  applied  to  complete  the  balancing. 

The  movements  of  the  masses  are  transmitted  to  tlie  governor 
lever  by  a  spindle,  the  top  part  of  which  is  a  tee  on  which  press 
the  levers  of  the  governor  balls.  The  articulations  of  the  masses 
and  of  the  transversal  springs  and  of  the  central  spindle  are  made  on 
point  or  knife  edges.  Ball  bearings  are  provided  for  the  vertical 
spindle.  The  employment  of  knife  edges  and  ball  bearings  for  the 
moving  parts  reduce  the  friction  of  the  governor  to  a  small  value. 
The  governor  is  completed  by  a  compensator,  the  pinions  of 
which  are  worked  by  worm  gearing  off  the  governor  shaft.  By 
the  aid  of  the  compensator  the  speed  of  turbine  remains  constant 
under  a  variable  load.  When  a  variation  of  speed  takes  place 
the  governor  acts  on  the  throttle  valve,  causing  it  to  take  a 
position  suitable  to  the  change  of  load,  but  with  a  speed  slightly 
different  to  that  which  it  had  before  the  variation.  The  rod  is 
shifted  and  one  of  the  feathers  which  it  carries  is  seized  by  one 
or  other  of  the  toothed  pinions,  turning  it  in  one  direction  or 
the  other,  increasing  or  diminishing  its  length  by  the  nut,  and 
bringing  back  the  governor  lever  to  its  mean  position.  Governing 
is  now  re-established,  the  throttle  valve  occupying  a  position 
suitable  to  the  new  load.  With  the  compensator  the  same  speed 
is  maintained  with  all  loads. 

Regulator  Valve. — The  stop  valve  and  governor  throttle 
valve  consist  of  ordinary  stop  valve  operated  by  hand  and  double- 
beat  balanced  throttling  valve  controlled  by  governor. 
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KiG.  166.— Throttling  Govern, > 
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Bearings. — In  smallest  units  there  are  two  bearings,  east  in 
one  piece  with  the  casing;  larger  sizes  have  them  screwed  on  the 
ends  of  the  turbine  casing,  and  still  larger  units  have  separate 
bearings  and  glands,  or  three  bearings,  as  shown  in  Fig.  149,  p.  227,^ 
while  the  largest  sizes  have  separate  cylinders  and  an  intermediate 
independent  bearing  (Fig.  157),  the  shafts  being  in  some  cases  in 
two  parts,  with  a  coupling  near  the  middle  bearing. 


Fig.  168.— 100  K.W.  Vertical  Turbine  by  Mascbinenfabrik  Oerlikon. 

Professor  Eateau  states  that  they  had  trouble  from  oil  getting 
into  the  steam  in  the  design,  now  abandoned,  which  included  a 
middle  bearing  inside  the  turbine  casing. 

*  The  internal  bearing  shown  in  Fig.  149  has  been  abandoned.  In  all 
i-ecent  machines  all  bearings  are  external  to  the  turbine  casing.  Ring 
lubrication  is  used  with  white  metal  lined  gun-metal  bushes,  and  one  ring  is 
used  for  bearings  up  to  18  inches  in  length.  A  special  scraper  is  fitted  to 
deflect  the  oil  from  the  ring  into  the  spiral  grooves  provided  for  it. 
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Glands. — The  stuffing  box  used  by  Messrs  Sautter,  Harl^  & 
Compagnie,  Paris,  in  their  Bateau  turbines,  has  a  pressure  of 
12  lbs.  per  square  inch  absolute  (-8  of  atmospheric  pressure) 
maintained  in  a  chamber. 

Two  rings  are  held  in  place  around  the  shaft  by  springs, 
and  parallel  with  shaft  by  other  springs,  to  prevent  air  leaking 
into  that  chamber. 

Oerlikon-Bateau  Turbines.— The  vertical  turbine  illus- 
trated admits  steam  through  a  160-millimetre  diameter  inlet 
below  the  turbine,  and  the  steam  flows  upwards,  leaving  the 
turbine  through  a  350-millimetre  diameter  exhaust  pipe.  The 
radius  of  the  largest  revolving  wheel  is  440  millimetres.^ 

Extent  of  Use. — In  the  summer  of  1905  there  were  at  work 
and  under  construction  Eateau  turbines,  in  sizes  from  10  to  2300 
horse-power,  as  follows : — 

For  ship  propulsion        .... 
Electric  Qenerators        .... 

Turbo-Pumps 

Turbo-Fans  and  Air  Compressors  . 


5,000  horse-power. 
31,460  „ 

2,784 
800 


40,034 
Table  LX. —Dimensions,  Outputs,  and  Speeds  of  Rateau  Turbines 

COUPLED  TO  ObRLIKON  QbNERATORS. 


Speed. 
Revolutions 

1 

Weight  per  K.W. 

Rated  K.W. 

Length. 

Breadth.      Height 

1 

per  Minute. 

Kg».             Lbs. 

100 

3000 

2000 1 

1750          2900 

1 

200 

)) 

1 

300 

n 

1 

400 

}} 

600 

>» 

1 

600 

2000 

800 

1500 

2 

... 

4      1      8-8 

1260 

,) 

' 

1500 

» 

1600 

)} 

1750 

)) 

2000 

)> 

2600 

» 

3000 

1000 

3500 

}} 

4000 

J> 

1  Figs.  158-160 

2 

Figs.  162,  1€ 

». 

'  We  are  indebted  to  Professor  Dr  Stodola's  third  Qernian  edition  of  The 
Steam  Turbine  for  these  Figures,  168, 169,  160. 


Fio.  159.— 100  K.  W.  Rateau  Steam  Turbine  by  Maschinenfabrik  Oerlikon, 
8000  R.p.in.  (Fig.  168). 
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Peripheral  Speed. — Professor  Eateau  states  the  speed  at 
which  the  steam  and  any  particles  which  it  may  take  with  it 
strike  the  vanes,  in  his  multicellular  turbines,  is  a  quarter,  or  even 
a  fifth,  of  that  usual  in  the  de  Laval  turbine.  The  latter  he  stated 
as  1100  to  1200  metres  per  second  (3600  to  3900  feet  per  second).^ 

Clearances. — The  clearance  between  moving  vanes  or  blades 


Fio.  160.— Plan  of  Fig.  159. 

and  fixed  parts  is  3  to  6  millimetres  (i  to  J  inch).  The  shaft  is 
bushed,  as  stated  above,  in  each  diaphragm,  which  offers  when  new 
only  a  small  annulus  around  the  shaft  for  leakage — 0*2  millimetre 
("008  inch)  being  allowed  here.  The  clearance  on  the  exhaust  side 
of  the  vanes  or  blades  is  f  to  f  inch. 

Other  Applications. — Professor  Eateau  has  designed  centri- 
fugal pumps  and  fans  and  compressors  for  coupling  to  his  steam 

*  Consult  page  32. 
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turbines,  the  combination  in  each  case  having  high  efficiency. 
One  of  the  tests  he  quoted  at  the  Conference  of  the  Institution  of 
Civil  Engineers  is  as  follows : — 

Table  LXI. — Rateau  Steam  Turbo- Pump.^ 


Approxinlate  horse-power  . 
Total  height  of  lift     . 
Quantity  hfted  per  hour    . 
„  „         minute 

Initial  steam-pressure 
Vacuum     .... 

Equivalent  absolute  back  pres- 
sure         

Revolutions  per  minute 
Useful  work  done  per  minute    . 

Theoretical  quantity  of  steam 
necessary  to  do  1  useful  horse- 
power, i.e,  at  100  per  cent, 
efficiency        .... 

Quantity  actually  U8ed  per 
useful  horse-power . 

Net  efficiency  of  Turbo- Pump   . 


200 

212  metres 

180  cu.  m. 

3000  kgms. 

6*66  kg.  iper  sq.  cm. 

63  cm.  of  mercury 


.  695  ft. 
396,000  lbs. 
6600  lbs. 

94-5  lbs.  per  sq.  in. 
24'8  inches  of  mer- 
cury. 


"17  kg.  per  sq.  cm. 

3200 

636,000  kgm.-metres 


476  kgm. 

13-6  kgm. 
35  per  cent. 


I 


,  2*4  lbs.  per  sq.  in. 

4,587,000  ft.  lbs. 
139  Horse-power. 


10-5  lbs. 

30  lbs. 

35  per  cent. 


1  Further  similar  tests  showing  36  per  cent,  efficiency  were  put  forward,  in  Professor  ftateau's 
reply  to  a  discussion,  for  comparison  with  figures  of  81  per  cent,  to  35  per  cent,  given  for 
Parsons'  3team  Turbo-Pumps  by  Mr  C.  W.  Darley,— Ctonference  of  the  Institution  of  Civil 
Engineers,  1903. 


Ihxftrsif.  inch 


absoUtt 


eei  4-oz. 

EffecUie  HP.  (•Uctriof 

Fio.  161.— Sautter,  Harl6  &  Cc's  500  Horse-power  (870  K.W.)  Rateau  Turbines  at 

Peftarroya,  Spain.     English  Units.     For  lbs.  per  K.  W.  Hour  see  Table  LXIV. 

(Prom  Proc,  Inst,  Mech.  Engrs.) 

High-lift  centrifugal  pumps  are  at  work  up  to  heads  of  2000 
feet,  at  efl&ciencies  of  65  to  75  per  cent. 
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Power  consumed  by  Auxiliaxies. — Professor  Bateau  gave 
the  increase  in  work  on  air  and  circulating  pumps  to  maintain 


28-inch  vacuum  (0068  kgm.  per  sq.  cm.  absolute)  as  compared 
with  26  inch  vacuum  (0'136  kgm.  per  sq.  cm.)  as  not  more  than 
2  per  cent,  to  3  per  cent.,  while  the  saving  in  steam  consumption 
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of  the  turbine  is  theoretically  12  per  cent,  with  10  atmospheres 
initial  pressure. 

Calculations  on  a  2000-kiIowatt  Rateau  Turbine.— 
Assuming  200  lbs.  per  sq.  inch,  29  ins.  vacuum,  350'  C.  temperature 


\hi\  163.— End  Views  of  Fig.    16  J, 


of  steam,  a  steam  consumption  of  8*5  lbs.  per  horse-power-hour, 
i«.,  11*9  lbs.  per  kilowatt-hour,  using  96  per  cent,  efficiency,  from 
Fig.  16,  p;  38. 


Table  LXII.- 

-Effect  op  Reducing  the  Vacuum  in  Low-pressure 
Turbine  with  Heat  Accumulator.^ 

Ratfjiu 

\           Admission  to  Turbine. 

Co 

Type. 

Surface 

.Jet 

Ejector 

Surface 

Jet 

Ejector 

Surface 

Jet 

Ejector 

N DENSER 

Vacuum 
Inches  of 
Mercury.       j 

Stkam  consumed. 

Absolute 
,        pressure. 

Inches  of 
Mercury. 

Per  K. 
Kg. 

W  Hr. 
Lbs. 

Percentage 

increase  with 

reduced 

Vacuum. 

Kg.  per 
sq.  cm. 

Lbs  per 
sq.  in. 

2 
2 
2 

1 
1 

1 

0-5 
05 
06 

28-5 

» 
14-2 

» 
71 

» 

(14  lbs.  gauge) 

Vacuum 
1  in. 

15J  in. 

•08 
13 
•18 

•08 
•13 
•18 

•08 
•13 
•18 

27-7 
26-3 
24-7 

27-7 
26-3 
24-7 

27-7 
26-3 
24-7 

12-6 
H5 
16-3 

163 
19-6 
224 

224 
292 
380 

27-8 

32 

36 

36 
43 
49-5 

49-6 
64-5 
84 

100% 
115% 
130% 

100% 
120% 
137% 

100% 
132% 
170% 

1  From  Mr  Walter  Rappaport  on  *•  Ihe  Ratt-au  Steam  Turbinn,"  The  Electrical  Beviev;,  June  17, 
1904,  p.  1009.  Mr  P.  J.  Mitchell  before  West  of  Scotland  Iron  and  Steel  Institute,  Dec.  1004, 
Svginetring,  Dec.  16, 1904,  p.  831. 

16 
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The  normal  case  is  the  middle  set  in  Table  LXII.  above,  where 
the  steam  goes  to  the  turbine  at  atmospheric  pressure. 

Table  LXIII.— Test  op  360  K.W.  Rateau  Multicellular  Turbo- Alter- 
nator FOR  THE  S0CI6t6   PaVIN  DE  LaPARGE  AT  TeIL  (ARDfeCHE). 

3000  R.'p,m.y  3-Phasey  1000  Volts— oru  oi  three  sets. 


Test  at  Load. 

FullLofl 

Id  856  K.W. 

7840  lbs. 

Half  Load 
1884  Kg. 

176  K.W. 

Steam  per  hour    . 

8SS6Kg. 

4000  lbs. 

„      „    K.W.  hour 

9-85   ,,                        20-3  ,, 

10-4   „ 

23  „ 

1*emperature  of  steam . 

28r6.                      647- i^ 

888-C. 

550' F. 

Superheat 

98'  C.                        I7e-  F. 

92- C. 

166°  y. 

Steam      pressure     ab- 

tolute— 

Before  the  stop  valve 

11  kg.  per  sq.  cm. 

160  lbs.  per  sq.  In. 

14*4  kg.  per  sq.  cm. 

206  lbs.  per  sq.  in. 

After 

10-1       „        » 

14*           M 

5-7         „        „ 

81        „        „ 

Exhaust     . 

O'W  n   ;; 

2-7                  . 

O'lS        „        „ 

1-8        „        „ 

Vacuum      in      con- 

denser   . 

68'8  cm.                   24-5  inches 

66-8  cm. 

26-26  inches. 

Total  efficiency . 

56  per  cent.              60  per  cent. 

1 

44-4  per  cent. 

44-4  per  cent. 

The  following  are  results  of  tests  on  the  first  of  three  Rateau 
turbines  driving  continuous-current  generators  at  the  mines  at 
Penarroya,  Spain: — 

Table  LXIV.— Test  of  500  E.H.P.  (370  K.W.)  Kateau  Turbo-Generator, 
First  for  Penarroya,  by  Sadtter,  Harle  &  Co.    (Fig.  157.) 

Fig.  161  gives  these  in  curves  using  English  units. 


Test  Load  in  per  cent,  of 
rated  Load. 


127%         108% 


Load  E.H.P. »     . 
K.W. 

Revolutions  per  minute 
Steam  pressure— 

Kg.  per  sq.  cm.  absolute 
Lbs.  per  sq.  inch  gaiige 

Vacuum  {mercury) 

Kg.  per  sq.  cm.  absolute 

Lbs.    „    „   t7ich      „ 
Superheat    . 
Steam  consumed — 

Kg.  per  hour    . 

Lbs.  „       „       . 

Kg.  perE.H.P. 
„      „K.W.H. 

Lbs.  „ 
Total  efficiency    . 


641 

470 

2400 

11 

140 

26-2'' 
0128 

1-8 
10**  C. 

4345 

9600 
674 
915 

20-2 


545 
400 


9-8 
125 


1063i 


535 
393 


9-7 

123 


3757 
8300 
6-87 
9-33 
20-5 
581%  581% 


26-7*  26-9*' 

0115  Oil 

1-6  1-5 

10"*  C.  zero 


703 
9-55 
21-3 
56-8% 


80% 


402 
295 


7-6 
93 

27'' 
0102 

1-4 
zero 

2960 

6540 
7-4 
10 
22 

65-8% 


52% 

261 
192 


5-4 

63 

27-2" 

0-094 

1-3 

zero 

2100 
4640 
812 
11 
24-3 
54-8% 


1       Fields 

27% 

1     exci.ed 

no  Load. 

138 

101 

3-3 

075 

32  lb«. 

7iin. 

vacuum 

27-5-' 

27-6^ 

0087 

0075 

1-2 

11 

zero 

zero 

1300 

336 

2880 

741 

9-52 

129 

28-5 

• 

49-2 

1  of  736  watts. 

Copper  brushes  are  used  here. 

The  no-load  steam  consumption  with  fields  excited  is  10  per  cent,  of  the  full. load  steam 
consumption. 

The  second  set  (of  three)  for  Pefiarroya  was  submitted  to  a  competent  committee,  Professor 
Studola,  Professor  Wysslini^,  and  Professor  Famy,  of  the  Zurich  Polytechnicum,  and  their  result) 
are  given  in  the  following  Tables  taken  from  the  English  translation  by  Dr  L.  0.  Loewenstein  of 
Professor  Dr.  Stodola's  2iid  German  edition  of  The  Steam  Turbine  (Constable,  1905). 
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Table  LXVI.— Test^  on  a  500  K.W.  Ratbau-Sauttbr,  HarliS  & 
Co.  Turbine. 


• 
Absolute  Steam  Pressure. 

K.W. 

Speed. 

AtBoUer. 

In  Front  of 
Turbine. 

Condenser. 

per  K.W.  Hour. 

B.p.m. 
2060 

Kg.  per 
sq.  cm.  , 

1 

1 

Lbs.  per 
sq.  In. 

170 

Kg.  per 
sq.cm. 

Lbs.  per 
sq.  in. 

Absolute 
Kg.  per 
sq.  cm. 

Vacuum 
Inches  of 
Mercury. 

"   in.    ~ 
26-5 

1 

Kg. 

1 

Lbs. 

376 

12 

9-6 

136 

0115 

1 

9-75  1 

21-5 

387 

2213 

M                       » 

,,      1        „ 

n 

i> 

9-52 

21-0 

394 

2420 

a              J> 

1 

>» 

»> 

9-46 

20-8 

382 

2026 

16 

228 

1 

» 

j> 

9-58 

211 

394 

2259 

»»     t      »' 

>»              »> 

»> 

„ 

9-28 

20-4 

400 

2429 

»       1        n 

>j              » 

» 

» 

913  , 

20-1 

445 

2011 

»               i> 

110        166 

0-128 

26-3 

9-58 

21-1 

460 

2226 

» 

» 

«      1      « 

»» 

» 

9*26 

20-4 

473 

2429 

» 

n 

»            » 

»> 

» 

900 ; 

19-8 

1  From  ThB  EUetriccU  Review,  June  17, 1904^  p.  1011. 


Table  LXVII.— Test  on  a  1000  K.W.  Rateau  Turbine  made  at 
Maschinenfabrik,  Oerlikon,  Switzerland. 


Absolute  Steam  Pressure. 

Condenser.       { 

i 

§•' 

Steam  consumed 
per  K.W.  Hour. 

K.W. 

SpMd 

T.p.m. 

A  *  u»ii.«          In  front  of  first 
At  Boiler.       1  moving  wheel. 

|2 

Vacuum  in.  of 
Mercury. 

b 

Kg. 

Lbs. 

Kg.  per 
sq.  cm. 

Lbs.  perl  Kg.  per 
sq.  m.  1  s*!.  cm. 

Lbs.  per 
sq.  in. 

194 

1600 

131 

186       217 

30-8 

•078 

27-7 

148 

14-6 

32 

426 

>1 

10*9 

155 

406 

57-6 

•083 

27-6 

155 

11-3 

25 

669 

» 

11-3 

160 

6-99 

85- 

14 

25-7 

162 

10-8 

23-8 

871 

»> 

12-7 

180 

7-89 

112- 

•222 

23-5  ' 

175 

11-2 

24-7 

1024 

n 

12*6 

179   1   819 

1 

116- 

•171 

25 

176 

9-97 

22 
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Table  LX VIII.— Tests/  April  5,  1902,  on  226  K.W.  Low-Prkssure 
Rateau  Turbine  with  Heat  Accumulator  for  Pit  No.  5,  Bruay 
Mines,  Pas-de-Calais.    (Fig.  166.) 


K.W. 


Admiuion  to  Turbine, 
Tempera-  ;    Absolute    |  ^      I    £^  ' 


I    Conden^r.   ' '»'^.^?°^  •*' 


ture. 


Prettore. 


ii  ^ 


c 


¥.* 


•ettore.        3c«    |     S  [;  | 


NoLoAd. 
Not  excited. 

1«10 

111 

1 
282  1  014 

l-O 

70 

16IB 

111 

282 

0-66 

5-4 

141 

1600 

186 

S75 

0*66 

94 

SM 

IMl 

167 

278 

0^ 

12-8 

sa 

1606 

147 

207 

1-08 

14-7 

25-8 
18-5 
10-2 
2-0 
zero 


Kg. 


•16 

•16 

0 


27*2  ;  (670  per  hour) 
27-2      6r6 
26         860 
26         94-6 


24 


948 


Lbe. 


a«80) 
007 
I    67-8 

I    54*0 
I    686 


I' 


•40 
•68 
•68 
•66 


Carbon  bruibes  are  used  here. 

1  From  *' Different  Applieatiunt  of  Steam  Tttrbine$"  by  Profetaor  Rateau,  Chicago,  1004. 
The  tests  were  made  at  works  of  Messrs  Sautter,  Harl^  et  Cie..  Parii,  by  M.  Sauvage,  Chief 
Engineer  of  the  French  Corps  of  Mines,  and  M.  Picou,  Electrical  Engineer  for  the  Engineers  of 
the  Broay  Coal  Mines,  Pas-de-Calals,  in  19U2. 

3  It  will  be  easiest  for  those  accustomed  to  the  vacuum  gauge  to  note  the  range  between 
columns  7  and  9. 

s  The  efficiency  is  the  ratio  of  dynamo  output  to  the  theoretic  energy  in  the  steam  supplied. 


Table  LXIX.— Test  of  400  E.H.P.  Rateau  Turbine  at  Generating 
Station  of  Cie.  ^Ilectriquk  de  la  Loire. 


PresRure 
Exhaiist 
Output 

„     (at  736)    . 
Steam  per  E.H.P.  hour 
„        K.W.  hour  . 
Combined  efficiency    . 


170  Ibe.  per  dq.  in.  abtolute. 
2'85  „         „  „ 

388  E.H.P.  at  generator  terminals. 

285  K.W.  „  „ 

19-2  lbs.  „  „ 

26       n  yy  „ 

4*87  i)er  cent. 


This  turbine  has  only  twelve  revolving  wheels. 

Deductions  from  Tests. — Sufficient  tests  on  independent 
machines  are  not  available  for  comparisons,  such  as  have  been 
made  in  the  earlier  chapters  of  this  book,  to  be  attempted  here. 

Regenerative  Heat  Accumulators. — These,  being  adjuncts 
to  steam  turbines,  deserve  consideration  here.  They  have  been 
made  in  four  forms.  ^ 

^  Bulletin  de  In  Sod^'ie  de  V Industrie  Minerale.  "  Tlie  Utilisation  of 
Exhaust  Steam  by  the  apj>lication  of  Steam  Accumulators  and  Condensing 
Turbines,"  North  of  England  Institute  of  Mining  and  Mechanical  Engineers. 
Electrical  Review^  p.  312,  Aug.  21,  1903.   Eiiyineering,  July  3,  17,  1903. 
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The  idea  of  storing  heat  is  not  a  new  one.  Mr  Druit  Halpin 
patented  a  system  for  use  with  steam  boiler& 

His  system  is  most  useful,  as  it  provides  a  valuable  means  of 
equalising  the  work  on  the  boilers  of  central  generating  stations 
having  heavy  peak  loads,  and  consists  briefly  in  passing  the  surplus 
steam  generated  at  periods  of  light  load  to  a  reservoir,  where  it  is 
injected  into  water  and  serves  to  raise  the  water  to  a  temperature 
near  the  boiling  point  at  the  boiler  pressure. 

A  large  quantity  of  water  is  thus  ready  to  be  flashed  almost 
instantly  into  steam  when  a  sudden  load  comes  on,  by  the  addition 
then  of  a  relatively  small  amount  of  heat. 

The  idea  of  using  exhaust  steam  from  a  reciprocating  engine  in 
a  turbine  is  also  not  a  new  one,  and  first  originated  with  the  Hon. 
C.  A.  Parsons,  who  took  out  a  patent  covering  the  application  of 
a  turbine  to  a  reciprocating  engine,  to  more  fully  utilise  the 
expansion  of  the  steam. 

The  combination  of  Professor  Bateau,  however,  was  produced 
to  solve  another  problem,  ie.,  the  combination  of  a  turbine  with 
an  intermittent  working  engine,  such  as  a  rolling  mill  engine  or  a 
colliery  winding  engine  of  the  reversing  type,  which  has  regular 
stops  of  from  5  seconds  to  5  minutes  duration. 

The  practical  solution  of  this  problem  necessitated  the  bridg- 
ing over  of  these  frequent  stops,  to  render  the  various  portions 
of  the  plant  mutually  independent,  and  to  devise  an  apparatus 
capable  of  the  most  rapid  absorption  and  emission  of  heat. 

The  steam  leaving  the  primary  engine  enters  an  accumulator 
regenerator,  which  may  be  either  of  the  cast-iron  tray,  the  old 
rail,  or  the  water  type. 

Figs.  164  and  165  show  one  of  these,  as  installed  in  August 
1902  at  Pit  No.  5,  Bruay  Coal  Mines,  Pas-de -Calais.  There  are  in 
this  case,  in  each  of  three  such  accumulators,  shown  in  Fig.  166, 
32  annular  cast-iron  dishes,  each  made  up  of  three  parts,  such 
as  is  shown  in  Fig.  165,  except  the  bottom  one,  which  is  in  one 
piece,  with  about  2  inches  depth  of  water  in  each.  This  gives 
30  tons  of  iron  and  over  3  tons  of  water,  into  which  the  steam 
from  the  reciprocating  winding  engine  passes,  and  when  in  excess 
of  the  requirements  of  the  turbine  the  temperature  and  pressure 
in  the  accumulator  rise,  the  working  range  being  between  about 
212°  F.  and  zero  gauge  pressure,  and  about  230°  F.  and  6  lbs.  per 
square  inch.  A  large  relief  valve  is  installed  and  set  for 
any  desired  pressure  to  avoid  undue  back  pressure  oit  the  primary 
engine. 
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The  steam  enters  at  the  bottom  and  passes  up  the  sides  until 


Plan  of  Onb-thiro  op  a  Bason 


Fios.  164,  165. — Professor  Rateau's  Regenerative  Steam  Accumulator. 
(From  Vroc.  List.  Meek.  Engrs,) 

it  reaches  the  baltie  plate,  placed  half  way  up.     This  forces  it  to 
pass  to  the  central  passage,  passing  over  the  water  contained  in  the 
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trays.     This  passage  is  blocked  at  the  top  by  another  baffle  plate, 
causing  it  to  pass  from  the  central  passage,  over  the  surface  of 
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the  water,  to  the  annular  passage  outside  the  trays.     It  then  rises 
to  the  top  of  the  vessel  and  passes  to  the  turbine. 

The  action  of  the  accumulator  is  as  follows : — 

The  steam,  in  traversing  it,  gives  up  a  portion  of  its  heat  to 
the  cast-iron  and  to  the  water  in  condensing  on  the  cooler 
surfaces. 

When  the  primary  engines  stop,  the  turbine  continues  to  draw- 
steam  from  the  accumulator  and  the  pressure  gradually  drops. 
The  moment  this  occurs,  the  heat  given  up  to  the  cast-iron  and 
water  is  gradually  given  off  in  the  form  of  low-pressure  steam. 

Reunion  Mines  600  H.-P.  Accumulator  Plant. — At  the 
Eeunion  Mines  of  the  Saragossa-Alicante  Eailway,  Madrid,  old 
rails  are  arranged  to  take  the  place  of  the  pans  of  water  described 
above,  because,  in  this  instance,  the  rails  were  "  scrap  "  and  cheap. 
Here  the  tanks  are  horizontal. 

Fig.  173,  page  258,  shows  an  internal  view  of  another  accumu- 
lator of  the  old  rail  type,  working  at  the  Hucknall  Torkard 
Collieries,  Ld.,  No.  2  pit,  near  Nottingham,  consisting  also  of  a 
carefully  stacked  mass  of  old  rails,  so  placed  that  the  steam  has 
to  pass  longitudinally  througli  small  passages.  In  doing  so,  part 
of  its  heat  is  given  up  to  the  metal,  and  water  forms  on  the 
surfaces.  Heat  transference  takes  place  as  in  the  case  of  the 
cast-iron  water  type,  and  steam  is  regenerated  as  the  pressure 
falls. 

Bethune  Mines  Heat  Accumulator. — At  the  Bethune 
Mines,  Pas-de- Calais,  a  350  horse-power  accumulator  of  another 
form  is  in  use.  Several  large  pipes,  with  vertical  passages  between 
them,  are  arranged  horizontally  inside  a  horizontal  cylinder  which 
is  nearly  filled  with  water.  The  exhaust  steam  enters  the  pipes 
and  passes  into  the  passages  through  numerous  small  openings  in 
the  pipes,  causing  rapid  movement  of  the  water,  which  flows  up  and 
down  through  the  passages  and  around  the  walls  of  the  tank. 
Plates  are  arranged  to  direct  the  flow.  Fig.  167  shows  the 
design. 

The  steam  entering  these  oval  tubes  forces  out  the  water,  and 
when  it  reaches  the  first  row  of  holes,  escapes  through  them  and 
rises  in  the  form  of  bubbles  of  steam.  If  the  area  of  the  first  row 
is  insufficient,  the  water-level  in  the  oval  tubes  is  further  depressed, 
and  the  second  row  is  uncovered  until  sufficient  area  is  provided. 
Part  of  the  steam,  in  passing  through  the  water,  is  condensed,  the 
remainder  going  to  the  turbine.  When  the  primary  engine  stops, 
tlie  pressure  drops.     The  same  regenerative  action  takes  place; 
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the  steam  in  the  tubes  expanding  keeps  the  water  circulating,  and 
facilitates  the  regeneration  just  as  the  circulation  in  the  first 
instance  facilitated  the  condensation. 


The  tank  appears  to  be  20  ft.  long,  6  ft.  6  ins.  diameter,  con- 
taining 10  tons  of  water,  and  deals  with  10,000  lbs.  of  steam  per 
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hour,  developing  350  horse-power  ^  when  the  primary  engine  has 
stops  of  as  much  as,  but  not  over,  a  minute. 

The  air  compressor  driven  by  this  low-pressure  turbine  of  350 
horse-power  at  4500  revolutions  per  minute  gives  an  air-pressure 
of  85  lbs.  per  square  inch  (gauge). 

Another  similar  plant  is  described  and  illustrated  in  Figs.  168 
to  171,  page  253. 

The  heat  accumulator  has  a  double-beat  relief  valve  to  give  a 
large  area  for  a  small  lift  in  case  the  load  on  the  turbine  is  too 
small  to  utilise  the  supply  of  steam. 

Also,  provision  is  made  for  taking  boiler  steam  direct  to  the 
turbine  through  a  reducing  valve  in  case  the  primary  engine  is 
not  working,  or  automatically  when  the  absolute  pressure  in  the 
accumulator  falls  below  a  predetermined  amount.  When  the 
primary  engine  is  not  working,  the  valve  between  the  accumulator 
and  turbine  is  closed.  Under  these  conditions  the  steam  con- 
sumption rate  is  increased  from  25  per  c^nt.  to  50  per  cent. 
Naturally,  the  conditions  of  service  in  each  case  require  careful 
study  before  it  can  be  decided  whether  heat  accumulation  will 
prove  economical. 

Supplementary  High-Pressure  Turbine.  —  When  the 
primary  engine  is  idle  for  long  periods  during  which  the  turbine 
is  needed,  Professor  Eateau  provides  an  additional  high-pressure 
section  to  the  turbine,  which  avoids  the  loss  of  efficiency  just 
mentioned.  This  section  is  not  in  use  when  the  primary  engine  is 
running. 

At  Bruay. — The  main  winding  engine  winds  on  an  average 
fifty  times  per  hour  from  a  depth  of  750  ft.,  totalling  about  200 
tons,  i.e.  2500  foot-tons  per  minute  =  170  useful  horse-power,  and 
uses  presumably  17,500  lbs.  of  steam.  Of  this,  3500  lbs.  is 
assumed  to  be  lost  by  condensation,  leaving  14,000  lbs.  per  hour 
exhausted  into  the  atmosphere.  This,  Professor  Bateau  calculated, 
would  give  at  least  400  net  electrical  H.P.H.  (about  300  kilowatt- 
hours)  when  utilised  in  his  low-pressure  condensing  turbines  at 
35  lbs.  per  electrical  H.P.H.  (47  lbs.  per  kilowatt-hour).* 

Professor  Rateau  also  estimated  the  steam  consumption  of  an 
unnamed  rolling  mill  engine  at  44,000  lbs.  per  hour  in  intermittent 

*  "  The  Utilisation  of  Exhaust  Steam  in  Steam  Turbinen."  Mr  Battu  before 
the  Western  Society  of  Engineers,  1904.     The  Engineer^  Nov.  4,  1904,  p.  466. 

2  The  Bruay  Mines  turbine,  tested  by  Messrs  Sauvage  and  Picou  (see  Table 
LXVIIL,  iMige  246),  was  a  225  kilowatt  turbine,  and  had  7  wheels,  each  880 
mm.  (34J  inches)  diameter,  i.e.  7  expansions.    Engineering^  June  6, 1903,  p.  746. 
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RATEAU  STEAM  TURBINE 


253 


draughts,  and  he  calculated  that  this  would  suflBce,  with  heat 
accumulator  and  low-pressure  turbine,  to  supply  1000  horse-power, 
or  with  the  exhaust  from  steam  hammers  and  all  other  engines  to 
three  times  this  amount.  Of  course,  this  is  without  increasing 
either  boiler  plant  or  coal  consumption. 


Fio.  16».— Rateau  Heat  Accumulator.     Steel  Co.  of  Scotland  Nov.  1905. 


Hallsidb  Works,  Newton,  Lanarkshire. 

Fig.  168  shows  the  general  arrangement  of  the  plant  at  the 
works  of  the  Steel  Company  of  Scotland. 

The   primary  engines  exhausting   to  the   accumulator  are  as 
follows : — 

One  cogging  engine,  2  cylinders,  each  40  inches  diameter  x  5 
foot  stroke. 
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One  finishing  main  engine,  42  inches  diameter  x  by  5  foot 

stroke. 
Two  small  mill  engines,  driving  14  inch  and  18  inch  mills. 
One  10  ton  and  one  4  ton  steam-hammers. 

The  total  amount  of  steam  from  these  engines  was  estimated 
by  Mr  P.  J.  Mitchell,  who  designed  the  plant,  and  to  whom  we 
are  indebted  for  all  this  data,  as  41,000  lbs.  per  hour,  after  making 
deductions  for  pipe  condensation,  etc. 

It  was  therefore  decided  to  install  two  450  kilowatt  low-pressure 
turbo-generators,  conforming  to  the  then  existing  works  pressure 
of  230  volts.  The  output  of  the  mills  having  been  largely 
increased  in  the  last  few  months,  makes  it  probable  that  another 
unit  can  be  added,  making  the  total  power  recovered  from  these 
engines  2100  E.H.P. 

The  accumulator  shown  in  plan  and  elevation  to  the  right  is 
surmounted  by  a  receiver  which  breaks  the  violent  shocks  of  the 
exhaust  steam.  It  communicates  by  means  of  pipes  with  the 
accumulator.  The  steam,  on  leaving  the  accumulator,  passes 
through  a  21  inch  main  to  the  inlet  valves  of  the  turbines  A 
high-pressure  main  is  brought  into  the  engine-room  at  the  opposite 
end  up  to  this  pipe,  and  is  fitted  with  the  special  reducing  valve 
for  supplying  reduced  pressure  live  steam  to  the  turbines  when 
the  main  engines  are  standing  for  roll  changing,  etc. 

As  the  high-speed  generating  set  supplying  current  to  the 
works  has  been  thrown  out  of  operation  by  the  installation  of  the 
turbines,  no  current  is  available  for  starting  up  the  condensing 
plant,  and  the  reducing  valves  being  shut  positively  when  preasure 
rises  above  14*7  lbs.  absolute,  the  turbines  cannot  be  started 
without  some  special  method  of  opening  the  reducing  valve  and 
running  the  turbine  to  atmosphere.  This  is  provided,  and  a 
system  of  levers  leading  from  the  stop- valve  enables  the  turbine 
to  run  to  atmosphere  until  sufficient  current  is  generated  to  start 
up  the  condensing  plant,  when  the  lever  is  released,  and  the  plant 
works  at  or  below  atmospheric  pressure. 

The  turbine  exhausts  to  a  barometric  jet  condenser  capable 
of  maintaining  a  90  per  cent,  vacuum. 

Figs.  170  and  171  show  the  turbine  coupled  to  a  Siemens 
direct-current  generator,  1950  amperes,  230  volts,  with  special 
commutator,  ventilating  device,  and  carbon  brushes. 

The  turbine  has  an  output  of  700  B.H.P.  at  1500  revolutions 
per  minute  when  exhausting  to  27  inch  vacuum  with  atmospheric 
inlet  pressure.     The  efficiency  compared  with  the  theoretical  duty 
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of    steam    expanded   between    these  limits    of    pressure    is    65 
per  cent. 

It  has  eleven  wheels,  of  slightly  varying  diameter,  the  mean 
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being  about  39-75  inches;  the  mean  peripheral  speed  80  metres 
per  second. 

The  space  occupied  by  the  turbo-generator  is  22  feet  x  6  feet. 

A  photo  of  the  accumulator  is  shown  in  Fig.  169,  p.  253. 

On  stopping  the  main  engines  one  turbine  has  run  with  the 
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live  steam  supply  cut  off  for  six  minutes  at  a  load  of  1700  amperes, 
and  at  the  end  of  nine  minutes  an  output  of  500  amperes  was 
still  given,  the  supply  coming  only  from  the  accumulator,  in  which 
the  pressure  was  reduced  to  10  inch  vacuum. 

The  accumulator  was  designed  to  give  full  load  with  engine 
stoppages  of  40  seconds  when  both  turbines  are  working. 


Fig.  173. — Interior  of  Heat  Accumulator  at  Hucknall  Torkard  Colliery, 
showing  the  old  rails  used. 

Hucknall  Torkard  Colliery,  Nottingham. 

This  plant  is  driven  by  a  small  part  of  the  exhaust  steam  from 
a  36  inch  x  6  foot  stroke  double  cylinder  winding  engine. 

About  one  fourth  of  the  steam  is  used  at  full  load  in  the 
turbine,  the  remainder  blowing  off  at  the  relief  valve.  The  steam 
exhausts  from  the  winding  engine  for  12  seconds,  and  is  then  cut 
oflF  for  40  seconds. 

The  plant  being  a  small  one,  and  sufficient  scrap  colliery  train  rails 
being  available,  the  old  rail  type  of  accumulator  was  decided  upon. 
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The  accumulator  shown  in  Fig.  172,  at  the  side  of  the  turbine- 
house,  consists  of  an  old  boiler  6  feet  diameter  x  24  feet  long,  with 
50  tons  of  old  rails  stacked,  as  shown  in  the  photo  Fig.  173. 

The  turbine  is  of  175  B.H.P.  output  at  3000  revolutions  per 
minute,  inlet  pressure  14*7  Iba  absolute,  and  exhausting  to  26 
inch  vacuum.  It  is  direct-coupled  to  a  3-phase  generator,  50 
cycles  per  second,  500  volts. 

The  action  of  the  accumulator  is  very  regular,  and  the  turbine 
behaves  well  under  a  load  which  is  taken  off  and  on  about  50 
times  per  hour,  and  varies  from  130  per  cent,  to  15  per  cent,  of 
rated  load.  The  speed  varies  about  4  per  cent.,  and  the  voltage 
is  well  maintained  under  these  conditions. 


Table  LXX.— Tests  on  Steel  Co.  op  Scotland's  Low-Pressure 
Turbine,  Jan.  1906. 


Amps.  '  K.W. 


300 
700 
866 
925 
1050 
1160 
1120 
1300 
1400 
1500 
1600 
1700 
1800 
1800 
1900 
1690 
18-i5 
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CHAFTEK  VII 

THE  ZOELLY   8TKAM   TURBINE 

,  In  1903,  Messrs  Escher  Wyss  &  Co.^  of  Zurich  undertook  the 
manufacture  of  this  type  of  turbine.  In  its  design,  the  fall  of 
pressure  in  the  steam  is  confined  to  the  fixed  parts  of  the  turbine,, 
so  that  each  revolving  vane  runs  in  a  medium  of  almost  uniform 
pressure. 

As  in  the  Bateau  turbine  (and  unlike  the  Curtis),  all  the  kinetic 
energy  developed  in  each  fixed  guide  passage  is  utilised  in  a  single 
revolving  wheel. 

The  cylinders  are  fixed  to  the  bed  symmetrically,  with  a  view  to 
avoid  warping  due  to  heating.  Each  cylinder  is  divided  in  a 
horizontal  plane  through  its  centre,  and  the  flanges  are  ground  to  a 
steam-tight  metal-to-metal  joint. 

Vanes. — Nickel  steel,  carefully  polished  to  reduce  friction  of 
the  steam,  is  used  to  make  the  blades,  which  have  their  inner  ends 
shaped  to  fit  the  dovetail  formed  of  the  wheel  disc  and  the  ring 
marked  S  in  Fig.  175.  Special  steel  distance  pieces^ A,  similarly 
shaped,  maintain  the  spacing  between  adjacent  vanes.  The  ring 
S  is  screwed  on  after  all  the  blades  and  distance  pieces  are  in  place. 
In  plan  (bottom  of  Fig.  175),  the  section  of  the  vanes  is  shown. 
Each  forms  about,  a  third  of  a  complete  cylinder,  the  two  edges 
presenting  equal  angles. 

A  single  piece  of  Siemens-Martin  press-forged  steel,  shaped 
as  shown  in  Fig.  175,  forms  each  wheel  disc.  The  thickness  of 
disc  and  of  blades  tapers  outwards,  the  determination  of  the 

1  The  Siemens  &  Halake  Co.,  Berlin  ;  Bremer  Maschinen  und  Armaturen- 
fabrik,  Bremen ;  Messrs  Knipp  &  Sons,  Essen  ;  and  Vereinigte  Augsburger 
und  Niirnberger  Maschinenfabrik  are  at  present  engaged  on  production  of  the 
Zoelly  Turbine. 
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sections  being  based  on  Professor  Stodola's  calculations  ^  to  reduce 
centrifugal  effects  to  a  minimum. 

*  The  Engineer^  p.  556,  June  3,  1904.  Attention  was  called  in  Engineeririg^ 
p.  771,  June  3, 1904,  to  Parsons  having  jwitented  in  1893,  but  without  developing 
commercially,  the  use  of  low  jxiripheral  sjxjed  by  splitting  up  the  expansion  into 
several  stages  and  passing  the  steam,  at  speeds  thus  reduced  to  practical  limits, 
through  as  many  pairs  of  guide  and  revolving  whviels  as  there  are  "steps"  of 
expansion. 
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Diaphragms. — Fig.  176  shows  the  guide  blade  disc  or  dia- 
phragm (made  in  halves,  with  a  ground  metal-to-metal  joint  between 
them)  which  carries  the  expanding  nozzles  or  guide  bladea  The  boss 
r  surrounds  the  boss  of  the  revolving  wheel  (Fig.  175,  below),  and  is 
grooved  internally  (but  there  are  no  corresponding  grooves  shown 
on  the  revolving  wheel),  to  reduce  leakage  to  a  minimum.  The 
faces  at  k  and  A,  Fig.  176,  are  machined,  and  successive  diaphragms 
have  face  K  of  one,  making  a  joint  with  h  of  the  next.  The 
revolving  vanes  run  with  clearance  in  the  space  near  k.     The 


outer  part,  lettered  hk^  is  cast  in  one  with  the  centre  ?•,  Og,  as 


\Nh9el  Disc  with 
inserted  Blades 

)))))))))))))) 

The    Engineer" 
Fio.  175. — Revolving  Wheel  Disc  with  Blades  inserted. 

shown  at  pp.  The  guide  passages  and  bridges  pp  make  up  the 
circumference.  The  bridges  cover  a  larger  arc  in  the  high-pressure 
end  of  the  turbine  {i.e.  admission  is  limited  to  a  small  arc).  One 
of  the  guide  blades  is  shown  flat  at  m,7i,?i.,  Fig.  176,  and  several 
shaped  in  place  at  m  in  section  in  the  same  Figure.  Oblique 
slots  //  are  shown  in  the  outer  rim  h  and  inner  rim  at  Og,  and  the 
projections  n  n  on  each  blade  fit  into  these  slots,  and  over  them 
are  screwed  the  rings  O^,  Og,  sunk  in  groves  turned  for  them. 

Governor. — A  centrifugal  governor  and  an  auxiliary  oil 
cylinder  control  the  speed.  An  accumulator,  fed  from  the 
rotary  pump  which  supplies   the  bearings,  provides  oil  pressure 
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through  the  supply  pipe  lettered  a  in  Fig.  177.  If  the  speed  rises, 
lever  n  raises  valve  m,  which  admits  oil  through  pipe/  to  the  top 
of  cylinder  A,  and  also  discharges  oil  from  the  other  end  of  that 
cylinder  through  pipes  e  and  6.  This  drives  the  throttle  k  down, 
and  the  lever  n  now  lowers  valve  m  to  its  mid  position,  stopping 
the  supply  of  oil. 

Emergency  Governor. — An  adjustable  independent  governor 
set  to  act  at  about  10  per  cent,  above  normal  speed,  closes  the 
regulating  valve  by  means  of  a  spring. 

Bearings. — The   bearings  in   the   500  horse-power  size  (370 


i h 


The    Engineer' 


Fig.  176.— Diaphragm  or  Guide  Blade  Disc. 


Swain      Sc 


kilowatt)  are  three  in  number,  and  mounted  independent  of  the 
cylinders,  so  they  are  accessible. 

In  the  Nonnendamm  machine,  Fig.  179,  there  are  two  inter- 
mediate bearings,  with  a  coupling  between  them  joining  the  shaft, 
which  is  made  in  two  parts. 

Thrust  Bearing. — A  thrust  bearing  is  provided  to  control  the 
setting  of  the  revolving  vanes. 

Oiling. — A  small  rotary  pump  on  the  bed  plate,  driven  by 
helical  gear  off  the  main  shaft,  forces  oil  into  the  bearings,  and 
returns  it  to  a  tank  in  the  bed  plate  through  a  series  of  cooling 
tubes  and  a  filter. 
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In  the  tests  quoted  in  Table  LXXII.  and  curves  Fig.  180 
the  oil  was  supplied  at  30''  to  35°  C,  and  flowed  away  at  40**  to  50"*  C. 

Glands. — Grooved  metallic  packing  is  used  where  the  shaft 
passes  through  the  end  of  a  cylinder. 


Fig.  177.— Governor  (with  Throttle  in  section), 
a,  supplies  oil  under  pressure.  L,  auxiliary  oil  cylinder, 

ft,  returns  oil.  I',  steam  throttle. 

SeeaX^o  Fig.  174. 

Table  LXXL 
The  speeds  standardised  by  Messrs  Escher  Wyss  &  Co.  are — 

KW.  R.  p.  M.  KW.  R.  P.  M. 

340  3000  1350  1800 

475  „  1700  1500 

675  1500  2000 

1000  „  2600  1200 

The  500  H.P.  (370  K.W.)  unit  has  (Table  LXXII.,  Fig.  180)— 

Maximum  diameter  revolving         ...  45  inches 

Revolutions  per  minute         3,000 

Peripheral  speed        35,360  ft.  per  minute 

„            „       nearly      600  ft.  per  second 

Number  of  Pressure  steps    ...         ...  10 

„       „  Revolving  wheels         ...  10 

„       „  Blades  per  wheel          ...  132 

Generator  3- phase     600  volts 

Pressure  

Output  per  blade      03  K.W. 
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The  Managing  Director  of  Messrs  Escher  Wyss  &  Co.,  Zurich. 
Switzerland,  and  Ravensburg,  Germany,  has  kindly  placed  at 
our  disposal  the  tests  previously  ^  published,  together  with  some 


S. 


K 


St 


^ 


•e  s 


I 


later  tests  and  illustrations  of  the  machines  which  he  has  designed, 
and  which  are  known  by  his  name. 

*  Stahl  und  Eisen,  Number  18,  1904,  by  J.  Weishaiipl.  Zeitsdirift  des 
Vertines  deutscher  Ingenieure,  1904.  Engineering  and  The  Engineer,  June  3rd, 
1904.     Stodola's  The  Steam  Turbine. 


STEAM  TURBINE  ENGINEERING 

Table  LXXII. — ^Tests  of  500  H.P.  Zollt  Turbine  driving 


Percentageof  Rated  Load 
870  K\W. 

Date  of  Test 

Time  of  start    . 

Time  finished 

Duration  of  Test 

Total  power 

Excitation,  volt  amperes 

Usefulpower  (subtracting 
excitation,  but  not  sub- 
tracting work  of  air 
pump)9r 

No.  of  revolutions    . 

At  Entrance  to  Separator 

Pressure 

j 

I         Temperature  ./ 

Temp,  of  saturation 

Superheat  . 

At  Entrance  to  First  Guide 
Wheel: 

Pressure 

Temperature 

Temp,  of  satui-ation  . 

Superheat 

,  Pressure  at  exit  from  Ist 
guide  wheel 

Pressure  in  connecting/ 
pipe  ^ 

Prenure  in  exhaust  pipe  < 

Temp,  in  Exhaust  Pipe    .  [ 

Pressure  in  condenser 

(Pipe 

Temp,   of  con- J  Tank 

densed  steam  J  Pipe 

^Tank 

Barometer  reading  . 

Total  steam  consumption  / 
per  hour  \ 

Steam  consumption  per/ 
useful  K.W.  hour  1 

Theoretical   steam    con-^ 
sumption. per  K.W.  re- 
ferred to  condition  of ' 
steam    at  entrance  to  i 
steam    separator    and 
vacuum  in  exhaust  pipe^ 

Steam  consumption  per 
B.H.P.  hour 

Thermodynamic  efficiency 


Per  cent. 


\  Unless  tests  covered  periods  of  day  and  of  night  there  are  errors  i 

3  and  4.    The  no-load  test  No.  8  is  sUted  to  have  been  taken  during  the  243  K.^ 


in  the  dates, 
.test  No  11. 


Test  2  overlaps 


THE  ZOELLY  STEAM  TURBINE 


267 


A  Siemens  k  Halske  Three-phase  Geneuatoii. 


YarUtble  Number  of  B«volution8. 
Low  Power.  Normal  Power. 


10. 


11.2 


86Ja.0ft, 
lhr.46 
8hr.86 

50 
886*4 

0488 


il. 


12. 


106 


13. 


86Ja.0ft  86Ja.04  I  86Ja .04 
Ilhr.86'l0hr.l0,4hr.  60 
i8hr.86  llhr.l0'4hr.56 

60      :      60  5 

280-03  I  848  15     887-4 
0  511       1^       (0-8) 
886 8       278-68  i  84806    (888^ 


8888       8480       1800       8  048 


I     11-18 
168-4 


10-61 

155-9 


11^ 

161-7 


188  6 

371-8 
I    168  6 

362-3 
60    I       6-7 
9-0         12-1 


188 

874  4 


7-86 

117-0 

1712 

340-2 

'   168-8 

8366 

8-0 

I       3-6 

476 

60-95 

084 
I     1236 


1888 
870-8 

18167     18306 
358-83      361*49 
7-8 
18*0 


7-86  ,  7*86 

117*0  1170 

178-0  178*8 

341-6    I  3420 

168*8  160-8 

336-6    I  336*6 


8-8    I 

6*0 

4*95  ! 
72-75 
I 

0-87 
12*78  1 


80 
6-4 
4-95 

72-75 

0-868 
12*09 


I  0H»88  0-0666  0-0688 

1-004  0-9772  1*002 

I  i                I 

I     88-6  !     88^        88-5 

,   lUl  8  .  100*4  101-3 

0-061  0-046       0^)48 

0-7496  0-6761  I  0*7053 


88*8 

858 

I     78*9 

n-b 

781 
8  8801 
0  560-9 

1007 


81-8 
88*8 

71-2 
73-8 
781 


811 
88-8 

700 
73-9 
781 


109 


14. 


15. 


109 


108 


aOJaM  86Ja.04 ,  a6Ja.04 
6hr.02  5hr.  15|6hr.32 
6I)r.  12i5hr.88|5hr.48 

10      ;       8       I      10 

400-6    '  404*4       876  8 

(0*7)   ,     (0-5)        (1*1) 

(8800)     (408*9)     (874-1) 


I 


818SI 


11-08 

162-1 


>829l 


2  648       2-968 


10-87 

159-8 

189-1  '  1900 

372-4  I  3740 

182  5  I  188*15 

350*5  1  361-67 

6-6  :  6-8 

11-9  1  12-4 


10^ 

148-1 

180 

356-0 

179*8 

354-6 

0-8 

1-4 

6-86 

93-48 

118 

16*46 

0  0696 

1023 

896 

103*3 


11 -IS  I  10*71 

163-6  157-4 

190-6  I  184-9 

375-1  I  364-8 

188-68  I  181  9 

862-62  I  859-4 

7K)  80 

12-6  I  5-4 


10-08 

148*1 

180-1 

366-2 

179-8 

3546 

09 

1-6 

684 

9817 

1*14 
18-75 


10*06 

148*1     I 

180-8 
356-4 
179-8 
354-6 

1-0 

1-8 

6  80  I 
92-56 

1-15 

16-90 


0-0606     00882 

1-021        1023 


88-5 
1031 


88*1 

102*4 


10  06 

148*1 

179-8 

864-6 

179-2 

354-6 

00 

00 

686 

93*33 

1-12 
16-46 

0-0690 

1-014 

882 

102*6 


2  978-4    2  974^ 
6  566-1     6  558  6 
10-668,     12-29 
22*20      23*486     -27-094 


781  781  781  781 

(STTO)     (8770)     (8770)  1  (8770) 


4-885 
10*687 


47-8 


4-876       4-846 
10*749  1  10-683 


(8  311-3) 
(9-60) 
20-94 


4-867 

10-730 


46-8 


88-4    I    (51-8) 


(8  811-8)  (3  311*3),  (8  311*3) 

(9-43)       (9-88)     (10-08) 

20  79       20-57  '  22*2-22 


4-865 

10-703 


(61-6) 


4-848 

10  677 


(51-8) 


4-887 
10-79C 


(48-6) 


Poor  Vacuum. 


79 

86Ja.04 
5hr.65 
6  hr.  10 

16 
888*25 
(0-66) 
288*7 


10-64 

154-9 

184-6 
364-8 
181*8 
358-2 
8-4 
6-1 


9*41 
138-3 

1767 

350*1 

1768 

349  3 

0-4 

07 

698 

8716 

106 
15-43 

0*1922 

2-825 

698 
188-7 


86Ja.04 
6hr.l9 
6hr.80 

11 
818  42 
0-74 
318  68 


28821 

10*48 

154-0 

188-7 
362-7 
180-96 
357-71 

8-8 

5-0 


8*48 
139*3 

1789 

350  4 

176-6 

349-9 

0-8 

0-5 

6-0 

88-18 

1-06 
16-58 

0-187 
2*013 

61-8 
125*2 


731  781 

(8  600)     (8  616) 
(7716-2)  (7  751-4)' 
a8-12)  ,  (11-03) 

26-719'     -24  317 


5*87 

12-941 


(48-4) 


6-60 
12-346 


(50*8) 


With  Superheated 

Steam. 

> 

18.    1    18a.         19. 

20. 

106         106 

106 

83 

6F.04   6F.  04 

6F.  04 

6F.  04 

8hr.50  8hr.60  llhr.l5 

5hr.  86 

6hr.00  4hr.l0  12hr.85 

5hr.46 

70          80      '      80 

10 

808*5     88041  :  881*8 

806-81 

0*81i      0-806       081C 

0-78 

881-66    888-6 

880-4 

805-43 

8878  ;  8878 

8968 

8960 

11-811     18-18 

11*88 

(10*28) 

188-8  1   193-0 

166*5 

(164) 

947-1     268-5 

888-6 

847-7 

476-8      497-3       489*9 

477-9 

188-951  191-02     1841 

179-9 

373-91  1   375-84      3634 

S65-ri 

57-2  1     67-6 

48*5 

67-8 

1030     121-5 

76-5 

122*0 

972 

9«78 

'    9-80 

9-48 

142-9 

142-9 

144-0 

138*6 

216-5 

219 

816*5 

884-5 

421-7 

426-2 

421*7 

436-1 

1T7-6 

177-6 

178K) 

178*9 

351-7 

351-7 

362-4 

b54-0 

88-8 

41-4 

88*5 

46-6 

70  0 

74-5 

69*3 

82*1 

6-88 

6-212 

6-88 

616 

91*66 

91-30 

92-30 

90-39 

107 

1*066 

1-09 

106 

16-73 

15*52 

16-02 

15  58 

01»58 

00664 

01)692 

0-218 

0-9596 

0-9759 

1-017 

3-130 

880 

88*8 

88D 

61      1 

100*4 

101-8 

100-4 

141-8 

0040     0-042 

0-Ott 

0-808 

0-6879 

0-6172 

0*6172 

0-2988 

20-2 

80*6 

80-4 

44-25 

22-4 

224 

88*7 

84-15 

68-4 

68-9 

68-7 

111*66 

72  3 

72-3 

74-7 

93-47 

715 

716 

715  • 

716 

8381-1 

8887-0 

8606*7 

(8  226) 

74540 

7  334-7 

7  728-8 

(7 109-8) 

8-688 

8-889 

8-98 

(10-66) 

19-032 

18-384 

19*797 

23-281 

446 

4-41 

4-688 

6-642 

9-838 

9-722 

10-324 

12*438 

51-7 

51-8 

58*8 

(68-4) 

3  The  drculatiug  and  air  pumps  were  estimated  to  cousuuie  3  per  cent,  of  normal  power. 
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Table  LXXIII.— Tests,  Zobllt  Turbine  405  K.W. 


Date  of  Test,  May  1904. 


1.  Load         .... 

2.  Duration  of  Test  minutes 

3.  Revolutions  per  minute    . 
Before  the  admissioii  yalve— 

4.  Pressure  absolute  kg.  per  sq.  cm. 

„  lbs,  per  sq.  inch 

5.  Temperature  "C.     ' . 

^F.       .        . 

6.  Temperature       of       saturated 

Steam  "C.       . 
Temperature      of       saturated 
steam  "F, 

7.  Superheat  (5-6)  [C.  . 

8.  Vacuum    in    cm.    of    mercurv 

(33*  C.) 

9.  Vacuum  in  cm.  re^iuced  to  0*C, 

Inches 

10.  Barometer  mm.  of  mercury  at 

11.  Barometer  mm.  reduced  to  0*C 

Inches 

12.  Pressure    in    exhaust   pipe  to 

condenser    absolute    kg.    per 

sq.  cm 

Lbs.  per  sq.  inch 

13.  Output  in  K.W. 
Steam  consiuuption — 

14.  Per  hour,  KgB 

Ubs 

15.  Per  K.  W.  Hour  kgs.' 


Moderate  Saporheat. 

Higher  super 

Full 

50 

3139 

heat. 

Full 

30 

3187 

^load 

50 

3214 

^load 

30 

3254 

11*25 
16Q 
235 
455 

1170 

166 
236-5 

458 

11-56 

164 
284 
543 

11-80 

168 
271-5 

521 

184 

185-8 

185 

186 

364 
1         51 

92 

366 
507 
91-5 

365 
99 
179 

366 
85 
153 

683 
67-9 
26-6 

68-6 
68-2 

26-8 

68-6 
68-2 

26-8 

68-6 
68-2 
26-8 

728  at  20'* 
725 

28-5 

728 
725 

28-5 

729  at  18i'* 
727 
28-6 

729 
727 
28-6 

0-062 

•88 
414      . 

0-06 

•85 
197 

0-061 

•87 
405 

0-061 

•87 
197 

3500 

7700 
8-46 

18-7 

2000 

4400 
1014 
22-4 

3220 

7100 
7-97 
17*6 

1870 
4120 
9-51 
21-0 

Table  LXXIV.— Acceptance  Tests,  475  K.W.  Zoelly  Turbo-Generator 

FOR  JOHANNISBURG. 


Date. 


LoadK.W 

Speed  RP.M 

Pressure    at  admission  atmospheres 
absolute  (at  14-22) 

Lbs,  ptr  sq.  inch  absolute 

Temperature  **C 

Pressure  in  front  of  1st  set  of  nozzles. 
i46«oiMi«  atmosphere     . 

Lbs,  per  sq,  inch  absolute 

I  Vacuum  per  cent 

I  Inches  of  mercury 

I  Steam  consumption  kg.  i)er  hour 
;     ■„  „        kg.   per  K.W.  hour 

I  Lbs.   „       ,,        ., 


FebniarirZS,  1905. 

February  i4, 1906 

249-9 

4627 

425-2 

2551 

3020 

3010 

3005 

3045 

1117 

11-0 

10-3 

11-2 

159 

157 

147 

160 

185 

1847 

260 

263 

476 

7-95 

2-65 

4-67 

68 

100 

109 

66 

92-52 

91-8 

92-4 

93-2 

27-8 

27-5 

27-6 

28 

2879 

.    4750 

4128 

2542 

11-51 

1   10-25 

8-68 

9-96 

25-4 

,     22-6 

191 

;    22 
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Constant  Speed  and  Different  Loads. — Tests,  January 
25th,  1904,  were  taken  in  this  order,  8,  7,  5,  4,  3,  as  the  times  of 
starting  show.     Fewer  significant  figures  in  results  of  tests  probably 
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Fio.  180.— Zoelly  Curves,  from  Table  LXXII.     See  Table  for  English  Units. 

accord  with  the  degree  of  accuracy  of  the  instruments  used  and 
with  the  scale  of  the  plotted  curves.  These  results  are  plotted  in 
Fig.  180. 


Table  LXXV.— 405  Zoelly  Turbine  Generator.     Acceptance  Test  at 
THE  Power  Station,  Muhlhausbn,  TntiRiNOEN,  Germany.    (Fig.  181.) 


Date. 


Load  K.W. 
B.H.P. 


Feb.  26, 
1905. 


13219 

232-52 


Dynamo     efficiency     [estimated 

I     ^^-=  tbSp;]    •     • '  '''' 

I  Speed  RP.M 3061 

Pressure  at  admission  atmospheres  8'68 
absolute  (a«  i^-^;^) 

Lbs.  per  sq.  inck  1 23 

Temperature  "C.          .        .  170*6 

Pressure  in  front  of   Ist  set  of  271 
nozzles.   Atmosphere  absolute 

Lbs.  per  sq.  inch  38*6 

Vacuum  per  cent.        .        .        .95*3 

Steam  consumption  per  hour  :  kgH.  1870 

„                             lbs.  4130 

Per  K.W.  Hour :  kgs.    .        .  1414 

„                             lbs.  31-2 

Per  H.P.  hour :  kgs.      .  8*04 

lbs.  17-7 

I  Thermodynamic  efficiency  45*4 


Feb.  27,  1905. 


208*21  291*52  \  391*13  463*22 
3409  465*65  605*55  I  707*59 


•83 

3050 
8*48 

121 

170*5 

3*8 

59 
94*5 
2482 
5500 
11*92 
26*4 
7*09 
15-6 
51-6 


•87 

3040 
8*51 

121 
170*4 
5*0 

71 
93-7 
3240 
7150 
1111 
24*6 
6-96 
15*4 
53-4 


•875 

3030 
8*50 

121 
170*3 
6*53 

93 
927 
4156 
9200 
10*63 
23-6 
6*86 
15*1 
55-3 


*89 


8-53 

121-5 
170-5 
7-61 

108 

9P7 

4819 

10600 

10*40 

23 

6-81 

15 

56*4 
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Constant  Pressure  and  Variable  Speed. — Tests  9, 10,  and 
11  show  constant  total  steam  consumption  with  speed  from  7  per 
cent,  above  normal  (3000)  at  80  per  cent,  of  rated  load  to  speed 
63  per  cent,  of  normal  at  66  per  cent,  of  rated  load. 

More  recent  tests,  May  1904,  on  the  same  405  K.W.  Zoelly 
turbo-generator,  with  diflferent  amounts  of  superheat,  are  on 
p.  269. 

Zoelly  Marine  Turbines. — The  Zoelly  turbine  is  to  develop 
the  motive  power  for  the  500  ton  (displacement)  vessel  now  being 
tested  by  Messrs  Howaldt,  Kiel,  for  the  German  merchant 
marine.  This  vessel  will  have  three  shafts,  and  will  develop  1000 
to  1200  horse-power. 


CHAPTER  VIII 

THE  RIKDLEK-STUMPF  TURBINE 

From  Table  XXV.  on  p.  40  we  find  that  the  largest  de  Laval  turbine 
is  rated  at  300  horse-power.^  The  turbine  wheel  runs  at  10,500 
revolutions  per  minute,  and  has  a  diameter,  measured  from  the 
middle  of  the  blades,  of  0*76  metres.  This  gives  a  peripheral 
speed  of  420  metres  per  second,  which  is  sufficiently  high  to 
constitute  some  approach  to  half  the  velocity  of  the  impinging 
steam.  The  speed  of  10,500  revolutions  per  minute,  however, 
necessitates  the  use  of  reduction  gearing  to  obtain  practicable 
speeds  for  dynamos  to  be  driven  by  the  turbines.  Could  the 
speed  of  the  turbine  wheel  be  reduced  to,  say,  3000  revolutions  per 
minute,  the  direct  driving  of  alternating  current  dynamos  without 
the  intervention  of  reduction  gearing  would  become  practicable  in 
certain  cases,  although  half  this  speed,  and  even  much  less,  wuuld 
be  of  great  advantage,  more  especially  for  sets  of  large  capacity. 
In  order  to  retain  the  peripheral  speed  of  420  metres  per  second 
it  would  bo  necessary  for  a  3000  revolutions  per  minute  wheel  to 

have  a  diameter  of  ^M^  x  076  =  2-66  metres. 

The  centrifugal  force  at  the  rim  would  then  be  inversely  as 

0*7fi 
the  diameters,  or— —  x47  =  13'4  metric  tons  per  kilogram  weight 

of  material  at  the  periphery,  as  against  47  tons  for  the  smaller 
wheel. 

Such  proportions  as  these  have  been  employed  in  the  Eiedler- 
Stumpf  type  of  steam  turbine,  and  by  thus  avoiding  the  necessity 
for  speed  reduction  gearing,  they  have  been  able  to  build  sets  of 
very  large  capacity.     Except  for  the  use  of  far  larger  diameters 

'  With  the  exception  of  the  350  horse-power  design  listed  by  the  Societe  de 
Laval  of  France,  of  which  we  have  no  jmrticulars. 
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and  the  avoidance  of  speed  reduction  gearing,  the  simpler  types  of 
Riedler-Stumpf  turbine  involve  the  same  general  principles  as  those 


Fio.  182.— Riedler-Stumpf  2000  Horso-power  Wheel. 

employed  in  the  de  Laval  type,  although  in  details  of  design  and 
construction  many  interesting  and  novel  features  are  introduced. 


Fio.  183.— Riedler-Stumpf  2000  Horse-power  AVheel. 


Figs.  182,  183,  and  184  illustrate  the  wheel  of  a  2000  horse- 
power (2000  X  0-736  =  1475   kilowatt)  Riedler-Stumpf   turbine. 
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It  runs  at  3000  revolutions  per  minute  and  has  a  diameter 
of  2  metres.  Thus  the  peripheral  speed  is  314  metres  per 
second. 

The  centrifugal  force  at  the  periphery  at  3000  revolutions 
per  minute  is  0'00000559  x  200  x  3000^  =  10,100  kilograms  per 
kilogram,  or  about  10  metric  tons  for  every  kilogram  of  material 
at  the  periphery. 

The  construction  of  the  hub  should  be  particularly  noticed. 


Fio.  184.— Double  Buckets.  Fio.  186.— Single  Buckets. 

Were  it  bored  at  the  centre  the  wheel  would  be  greatly 
weakened,  consequently  the  shaft  is  attached  by  bolts  as  shown, 
the  holes  for  the  bolts  being  at  such  a  distance  from  the 
centre  as  not  to  seriously  afifect  the  strength  of  the  wheel. 
A  10  per  cent  nickel  steel  was  employed  for  the  wheel  above 
illustrated. 

In  some  of  the  multiple  stages  types  which  superseded  the 
original  single- wheel  Riedler-Stumpf  type,  it  was  impracticable* to 
avoid  boring  the  centre  of  the  wheel  for  the  reception  of  the  shaft. 
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Such  a  case  is  shown  in  Fig.  186,  and  it  will  be  seen  that  the  hub 
is  gradually  increased  in  thickness  toward  the  centre,  as  in  the 
de  Laval  type,  for  the  purpose  of  decreasing  the  otherwise 
abnormal  stresses  in  the  material  at  this  point. 

The  nickel  steel  employed  for  the  wheel  of  the  Moabit  2000 
horse-power  turbine  has  a  breaking  strength  of  9500  kilograms  per 
square  centimetre  and  an  elastic  limit  of  7500  kilograms  per  square 
centimetre.  The  buckets  were  milled  in  the  rim  of  the  wheel. 
There  are  150  buckets  on  the  periphery,  the  pitch  thus  being 
about  42  millimetres.     Each  bucket  is  double  (see  Figs.  182  to  184), 


and  the  output  per  half-bucket  is 


1475 


=  4'9  kilowatts,  a  far 


2x150 
higher  value  than  is  customary  in   other   steam   turbines.     An 


Fig.  186.  —  Riedler-Stumpf  Moabit  Set. 


alternating  current  dynamo  of  1475  kilowatts  rated  capacity  is 
driven  from  this  turbine,  and  the  set  is  installed  at  the  Moabit 
Central  Station  of  the  Berlin  Electrical  Works.  The  set  is 
illustrated  in  Fig.  186. 

From  some  published  descriptions  of  this  set  it  would  be 
inferred  that  no  outer  bearing  has  been  provided  for  the  turbine 
wheel,  and  that  it  is  overhung  as  indicated  in  Fig.  187,  the  wheel 
hub  construction  being  that  indicated  in  Fig.  188. 

By  a  careful  study  of  the  descriptions,  however,  this  appears 
not  to  be  the  case,  and  the  construction  indicated  in  Fig.  187  is 
apparently  an  alternative  design  for  the  same  rating,  ie,  2000 
horso-power  and  3000  revolutions  per  minute.  In  the  case  of  the 
Moabit  set  an  outer  bearing  was  employed. 

The  maximum  stress  in  the  wheel  shown  in  Figs.  182  to  184 
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amounts  to  1900  kilograms  per  square  centimetre,  the  factor  of 

9500 
safety  thus  being   '  or  5.     It  has  been  proposed  in   later 

X«/UU 

designs  of  this  type  to  employ  forged  steel,  with  a  breaking 
strength  of  5000  kilograms  per  square  centimetre.  This  would, 
on  one  hand,  reduce  the  factor  of  safety  to  about  2*5,  but  the 
material  could  probably  be  relied  upon  to  be  more  uniform  than 
nickel  steel.  As,  however,  the  stress  increases  as  the  square  of 
the  speed,  the  wheel,  if  it  had  a  factor  of  safety  of  only  2*5,  would 


Fio.  187.— Riedler-Stumpf  Turbine  2000  Horse-power,  3000  R.p.m. 

burst  at  a  speed  some  60  per  cent,  in  excess  of  the  rated  speed. 
Hence,  so  low  a  factor  of  safety  would  not  be  sufficient  if 
the  speed  regulator  and  the  safety  governor  both  failed,  in  which 
case  a  speed  of,  say,  double  the  rated  speed  might  be  attained  by 
the  wheel,  although  the  rapidly  increasing  friction  of  the  wheel, 
of  the  bearings,  and  especially  of  the  rotor  of  the  direct  connected 
dynamo  would  make  so  great  an  increase  in  speed  less  probable 
than  would  appear  to  be  the  case  from  a  mere  consideration  of  the 
relative  speeds  of  the  steam  and  the  buckets.  The  greatest 
stresses  in  the  Kiedler-Stumpf  wheel  are  not  in  the  rim,  but  on  a 
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section  near  or  at  the  axis,  and  hence,  should  a  wheel  burst,  the 
destruction  occasioned  not  only  to  the  turbine  but  to  surrounding 
property  would  equal  or  exceed  that  accompanying  the  bursting 
of  fly  wheels.  On  the  contrary,  as  explained  in  Chapter  III.,  the 
breaking  of  a  de  Laval  wheel  is  a  trifling  matter.  In  a  Parsons 
turbine  the  stresses  are  far  more  moderate,  owing  to  the  lower 
peripheral  speeds. 

The  nozzles  discharge  jets  of  steam  in  the  plane  of  the  wheel 
instead  of  from  the  side  as  in  the  de  Laval  design,  and  this  is 
claimed  to  have  the  advantage  of  avoiding  all  axial  thrust.  In  the 
design  illustrated  in  Figs.  182  to  184  the  steam,  in  impinging  on 
the  rim  of  the  wheel,  is  divided  into  two  streams,  in  virtue  of  the 


Fig.  188.— Wheel  Hub. 


double  design  of  the  buckets.  These  two  streams  flow  to  the 
right  and  to  the  left  respectively.  In  another  design  illustrated 
in  Fig.  185  there  is  but  one  row  of  single  buckets. 

In  the  2000  horse-power  Moabit  set  there  is  a  radial  clearance 
of  3  millimetres  between  the  ends  of  the  nozzles  and  the  periphery 
of  the  wheel.  Measured  in  the  direction  of  the  axis  of  the  nozzle, 
the  clearance  is  about  10  millimetres.  As  the  expansion  of  the 
steam  is  completed  in  the  nozzle  (as  in  the  de  Laval  type),  a 
considerable  clearance  occasions  no  loss  or  diminution  in  capacity, 
and  this  is  stated  to  have  been  shown  experimentally  to  be  the 
case  for  the  Kiedler-Stumpf  type  when  the  radial  clearance  was 
increased  from  3  millimetres  to  5  millimetres. 

The  wheel  is  highly  polished,  with  a  view  to  decreasing  the 
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friction  ;  and  the  overlapping  arrangement  of  the  buckets,  as  will 
best  be  seen  from  Fig.  183,  is  such  as  to  give  a  considerably  less 
resistance  for  a  given  peripheral  speed  than  would  be  the  case 
with  radially  projecting  blades. 

It  is  stated  that  the  manufacture  of  the  Eiedler-Stumpf  wheel 
is  so  exact  as  to  permit  of  their  being  balanced  with  such 
precision  that  the  centre  of  gravity  is  well  within  0*1  millimetre 
of  the  axis  of  rotation.  This  exactness  avoids  the  necessity  for 
employing  a  flexible  shaft. 

The  turbine  wheel  of  the  2000  horse-power  Moabit  machine  is 
stated  to  weigh  about  850  kilograms,  or  0'58  kilogram  per 
kilowatt  output.  Assuming  that  this  weight  does  not  include 
the  shaft,  it  may  be  readily  deduced  that  the  wheel  has  an 
average  thickness  of  about  3-5  centimetres.     This  appears  con- 


Fio.  189.— One  Nozzle  of  2000  Horse- power  Turbine. 


sistent  with  the  dimensions  shown  in  Fig.  182,  where  the  thickness 
at  the  centre  is  5  centimetres. 

Nozzles. — It  has  been  found  that  corrosion  on  the  inner 
walls  of  the  nozzles  tends  to  decrease  the  speed  of  flow  of  the 
steam.  The  nozzles  of  the  Kiedler-Stumpf  turbine  are  made  of 
nickel  steel  with  a  high  percentage  of  nickel,  and  it  is  claimed 
that  this  source  of  deterioration  is  thus  obviated. 

A  rectangular  cross  section  of  nozzle  is  employed.  The 
construction  of  a  single  nozzle  of  the  Moabit  2000  horse-power 
turbine  is  indicated  in  Fig.  189,  and  in  the  four  sections  at  A,  B, 
C  and  D  there  is  depicted  the  gradual  change  from  the  circular 
section  of  the  nozzle  at  the  throat  to  the  rectangular  section  at 
the  discharge  end. 

In  Figs.  190  A  and  b  are  shown  respectively  a  drawing  and  a 
photograph   of  the  ring  for   holding   the   80   nozzles   which  are 
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employed  in  this  design.  The  precise  method  of  arrangement  or 
the  nozzles  in  the  casing  is  shown  in  Fig.  191.  The  rectangular 
form  of  the  nozzle  permits  of  discharging  a  nearly  continuous  belt 
of  steam  and  a  full  utilisation  of  the  buckets.  In  some  of  the 
smaller  sizes  of  Riedler-Stumpf  turbine  it  is  not  necessary  to  have 
a  complete  ring  of  nozzles  over  the  periphery.  In  such  cases, 
instead  of  distributing  the  nozzles  at  equal  distances  around  the 
periphery,  they  are  placed  in  a  single  group  at  one  section  of  the 
periphery. 

The  impossibility  of  obtaining  very  low  speeds  by  the  use  of 
a  single  wheel  acted  upon  but  once  by  the  jet  of  steam  led  to 


Ficj.  190a.— Riedler-Stumpf  2000  Horse-power,  3000  R.p.m. 

Ring  for  Holding  Nozzles, 

{From  the  Designers.) 

suggested  modifications  of  the  simple  form  of  Eeidler-Stumpf 
turbine  from  that  embodied  in  the  2000  horse-power,  3000 
revolutions  per  minute,  Moabit  machine. 

The  first  of  these  suggested  modifications  consisted  in  the 
introduction  of  two  successive  impacts  of  the  steam  upon  a  single 
wheel  by  means  of  stationary  reversing  nozzles.  This  plan 
appears  to  have  been  proposed  by  Pilbrow  in  1843,  and  has  been 
very  clearly  described  by  Lilienthal  in  1890.  The  Eiedler- 
Stumpf  reversing  nozzle,  Fig.  192,  resembles  the  arrangement 
described  by  Lilienthal  which  is  illustrated  in  Fig.  193,  and  may 
be  described  as  follows : — 

Lilienthal  showed  a  simple  figure  to  explain  a  way  of  intro- 
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ducing  the  steam  a  second  time  into  the  revolving  buckets.     This 
figure  has  been  reproduced  in  Fig.  193,  and  it  can  be  seen  that  the 


Fio.  190b.— Ring  of  Nozzles. 

expanding  nozzle  delivers  steam  into  one  bucket  a  of  the  revolving 
wheel,  and   this  discharges  into   the  stationary  reversing  guide 


Fio.  191.— Riedler-Stumpf  Nozzles  in  Casing. 


marked  c,  which  in  turn  delivers  into  the  next  bucket  K  The 
helical  shape  of  the  reversing  guide  is  necessary  in  order  to  take 
the  steam  to  the  adjacent  bucket.     The  figure  is  merely  diagram- 
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matical,  and  shows  no  clearance  between  the  fixed  reversing  guide 


Fig.  192.— Reversing  Nozzle. 

c  and  revolving  buckets  a  and  6.     Such  clearance  would,  of  course, 
be  necessary  in  a  practical  machine.     From  the  above  preliminary 


Fig.  193. — Lilienthal  Revei-sing  Nozzle. 

{Musil. ) 

description   of   LilienthaFs   proposal  it  will  perhaps  be  easier  to 
follow  the  course  of   the  steam  in  Eiedler*s  design  as  shown  in 
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Fig.  192.  The  expanding  nozzle  delivers  a  jet  of  steam  at  the 
middle  of  the  double  row  of  overlapping  buckets  in  Fig.  183.  The 
knife  edges  between  these  two  rows  are  visible  in  the  upper 
buckets  of  Fig.  183,  also  in  the  section  A  B  of  Fig.  182. 

The  discharge  from  these  two  buckets  is  received  at  RE  of 
the  reversing  guide  shown  in  Fig.  192,  and  the  two  parts  of  this 
guide  unite  and  redeliver  the  steam  to  adjacent  buckets. 

Rledler  -  Stumpf  designs  with  pressure  stages.  —  It 
has  also  been  proposed  to  obtain  Eiedler-Stumpf  turbines  for  low 


Fio.  194.— 6000  K.W.  760  R.p.m.  Design. 


speed  by  means  of  two  and  even  four  pressure  stages.  Thus  in 
Fig.  194  is  sketched  a  design  for  a  5000  K.W.  machine  for  a  speed 
of  750  revolutions  per  minute.  This  has  two  pressure  stages,  and 
the  single  wheel  of  each  stage  is  twice  acted  upon  by  the  steam. 

Fig.  195  is  a  sketch  of  a  500  KW.  set  for  the  very  low  speed 
of  500  revolutions  per  minute.  It  has  four  pressure  stages,  and  the 
buckets  of  each  wheel  are  twice  acted  upon  by  the  steam.  It  is 
very  certain  that  this  design  would  require  a  relatively  high  steam 
consumption,  but  in  the  interests  of  obtaining  a  thoroughly 
satisfactory  design  for  the  direct  driving  of  a  continuous  current 
generator  a  reduction  of  the  speed  is  justifiable,  even  at  a  con- 
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siderable  sacrifice  in  economy.  In  the  case  of  this  design,  in 
which,  from  the  overall  dimensions  given,  it  is  evident  that  the 
wheels  have  a  diameter  of  about  2  metres,  the  peripheral  speed 
has  the  very  low  value  of  52  metres  per  second.  It  is  not  clear 
why  it  would  not  be  preferable  to  at  least  double  the  wheel 
diameter,  and  correspondingly  reduce  the  number  of  stages.  The 
use  of  so  low  a  peripheral  speed  at  once  sacrifices  one  of  the 
most  attractive  amongst  the  underlying  principles  of  the  Riedler- 
Stumpf  type. 

Vertical-Shaft  Riedler-Stumpf  Turbines. — A  design  for  a 


I- A.V)0 -4 

Fig.  195.— Riedler-Stumpf  600  K.W.  Turbo-dynamo,  600  R.p.m. 


2000  K.W.  750  revolutions  per  minute  set  with  a  vertical  shaft  is 
shown  in  Fig.  196.  This  design  is  worked  out  with  two  pressure 
stages  and  two  speed  steps  per  pressure  stage.  In  Fig.  197  we  have 
an  illustration  of  a  500  kilowatt  750  revolution  per  minute  vertical 
design  with  four  pressure  stages  and  two  speed  steps  per  pressure 
stage.  The  peripheral  speed  in  this  design  is  118  metres  per 
second,  the  diameter  of  the  wheels  being  about  3  metres. 

Riedler's  general  conclusion,  h(»wever,  appears  to  be  that  while 
reduction  of  speed  by  means  of  many  pressure  stages  is  consistent 
with  high  economy,  it  is  undesirable  to  employ  more  than  two 
speed  steps  per  pressure  stage,  as  this  entails  great  friction  losses, 
between  the  steam  and  the  buckets  and  reversing  nozzles. 
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While  the  Riedler-Stumpf  turbine  in  its  simplest  form  with  a 
single  wheel  differed  from  the  de  Laval  design  chiefly  in  the  far 


Fio.  196.— 2000  K.W.,  750  R.p.m.,  Vertical  Design. 

greater  wheel  diameter,  and  the  consequent  avoidance  of  reduction 
gearing,  the  types  with  both  pressure  and  speed  stages  are  closely 
on  the  lines  of  the  Curtis  turbine.     The  Eiedler-Stumpf  turbines 
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were  for  a  time  built  by  the  Allgemeine  Elektricitaets-Gesellschaf t 
of  Berlin. 

The  Riedler-Stumpf  type  has  now  more  or  less  merged  its 
identity  in  the  A.  E.  G.  type  described  in  the  following  chapter. 
It  seems  to  the  writers  that  while  the  main  ideas  of  the  original 
type  with  a  single  wheel  were  most  attractive,  these  were  carried 


Fio.  197.— 500  K.W.  760  K.p.m. 
(From  T?ie  Euifinur.) 

to  an  extreme  which  was  inconsistent  with  the  production  of  safe 
constructions.  As  development  in  the  production  of  materials  of 
great  strength  proceeds,  there  will  doubtless  be  a  reversion  towards 
large  diameters,  accompanied  by  high  peripheral  speeds. 

Grauert's  contribution  to  the  discussion  of  Riedler's  paper 
on  Steam  Turbines^  is  published  in  the  Marine  Bundschau  for 
January  1904,  and  contains  data  of  a  small  Reidler-Stumpf  turbo- 

^  "  Ueber  Daiiipfturbinen,"  by  Herr  Prof.  Dr.  ing.  Riedler,  Jahrb^uh  der 
ScJiiffbarUechnischen  Gesellschafiy  vol.  v.  (1904),  p.  249. 
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generating  set.  The  set  has  a  rated  full-load  capacity  of  65 
kilowatts  at  110  volts,  and  four  such  sets  constitute  a  plant  of  a 
capacity  suitable  for  lighting  purposes  on  certain  vessels  of  the 
Grerman  navy.  The  overall  dimensions  of  one  of  these  65  kilowatt 
sets  are  set  forth  in  Fig.  198.  The  conditions  of  operation  as 
regards  admission  pressure,  vacuum,  and  superheat  are  not  given, 
but  it  is  stated  that  the  full-load  steam  consumption  was  17*1 
kilograms  per  kilowatt-hour.  The  weight  is  8000  kilograms. 
The  speed  is  not  given.     It  is  stated  that  the  price  tendered  was 


y«0/ 


Fio.  198.— 65  K.W.,  110  Volt,  Riedler-Stumpf  Turbo-dynamo. 
Dimensions  in  Millimetres, 


80,000  marks  for  four  of   these  sets,  or  £1000  per  set.    This  is 
£15*4  per  kilowatt. 

A  still  smaller  Eiedler-Stumpf  steam  turbine  set  has  been 
described.  This  is  the  20  horse-power  set  illustrated  in  Fig. 
199.  It  runs  at  3500  revolutions  per  minute,  and  the  wheel 
diameter  is  810  millimetres.  The  peripheral  speed  is  thus  only 
148  metres  per  second.  The  machine  runs  non-condensing,  and 
the  steam  is  completely  expanded  to  atmospheric  pressure  in  the 
nozzles.  The  admission  pressure  is  not  given,  but  it  is  stated  that 
in  designs  with  but  a  single  impact  of  the  steam  the  full-load 
steam  consumption  was  26  kilograms  per  kilowatt-hour,  and  that 
in  designs  with  two  successive  impacts  by  means  of  stationary 
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reversing  nozzles  (as  in  the  design  illustrated  in  Fig.  199)  the 
steam  consumption  was  decreased  to  17  kilograms  per  kilowatt- 
hour  for  the  same  speed  and  output. 


Fig.  199. 


Steam  Consumption. — The  published  results  as  regards  the 
steam  consumption  of  the  Eiedler-Stumpf  turbine  are  brought 
together  in  Table  LXXVI. 
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Table  LXXVI. — Test  Results  on  Riedler-Stumpp  Turbo-Generating 
Set,  Rated  Output  op  1475  K.W.,  and  Direct-Coupled  to  D.  C. 
Dynamo. 


Source  of  Data. 


Riedler  (paper  en- 
titled "  Ueber  Dampf- 
turblDen."  read  before 
tbe  SchifFbautech- 
nischen  Oesellachaft, 
Berlin.  Proeeedingt, 
vol.  T.  (19C4),  p.  249)w 
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CHAPTEE  IX 

THB  A.B.G.   TURBINE 

The  Allgemeine  Elektricitats-Gesellschaft  of  Berlin  first  entered 
the  turbine  field  with  designs  of  the  Riedler-Stumpf  type.  Within 
the  last  two  years,  however,  the  rights  for  the  Curtis  turbine 
patents  in  several  countries  have  come  into  their  hands,  and  the 
situation  has  led  to  the  development  of  a  distinctive  A.E.Gr. 
type. 

Owing  to  these  circumstances  there  has  been  a  long  develop- 
mental period  during  which  numerous  varied  types  have  been 
built. 

The  2000  Horse -power  Eiedler-Sturapf  set  at  the  Moabit 
Central  Station,  which  was  built  by  the  Allgemeine  EleJctricitats- 
Gesellschaft,  has  already  been  described  in  Chapter  VIII. 

Numerous  other  earlier  types  have  been  described  in  an  article 
on  p.  1205  of  the  Zeitschrifi  des  Vereines  DeiUscher  Ingenieure  for 
August  13th,  1904,  entitled  "  Die  Dampfturbinen  der  Allgemeine 
Electricitats  -  Gesellschaf t,  Berlin."  The  article  is  by  Mr  0. 
Lasche,  the  director  of  the  turbine  department  of  the  Allgemeine 
Elektricitats-Gresellschaft.  We  do  not  propose  to  dwell  upon 
these  earlier  types,  in  some  of  which  two  cylinders  were 
employed,  but  shall  confine  our  attention  chiefly  to  some 
examples  of  the  latest  designs,  photographs  of  which  have 
been  placed  at  our  disposal  for  this  purpose  by  the  courtesy  of 
Mr  Lasche.  In  these  latest  designs  a  single  overhung  cylinder 
is  employed. 

Gteneral  Construction. — The  design  arrived  at  has  been 
adopted  from  a  consideration  of  the  requirements  of  the  dynamo 
no  less  than  those  of  the  turbine.  The  dynamo  is  secured 
to  a  base  plate  between  two  main  bearings,  and  the  turbine  is 
supported  upon  an  extension  of  the  base  plate.     A  small  additional 
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bearing  is  provided  in  the  end  casing  of  the  turbine  merely  to 
guide  the  end  of  the  shaft  and  to  take  up  the  weight  of  the 
regulator.  All  stresses  are  transmitted  by  the  two  main  bearings 
to  the  base  plate.  It  is  claimed  that  only  the  lightest  of  founda- 
tions are  required. 

The  Turbine. — The  turbine  has  two  pressure  stages,  and  each 
pressure  stage  has  two  speed  stages.  The  casing  is  divided  by  an 
intermediate  partition  into  two  compartments,  in  each  of  which  a 
wheel  revolves.  Each  wheel  is  designed  for  two  speed  stages,  and 
thus  carries  two  rows  of  vanes. 

Turbine  Wheels. — ^The  wheels  are  built  of  a  high  quality  of 
steel  and  have  a  large  factor  of  safety.  The  peripheral  speeds  are 
fairly  moderate.  The  two  wheels  are  located  side  by  side  on  the 
shaft  in  the  single  casing,  and  are  separated  only  by  the 
intermediate  partition.  The  vanes  are  of  tough  material  and  are 
mounted  in  the  rims  of  the  wheels. 

Casing.  —  The  casing  is  constructed  of  cast-iron.  It  is 
subjected  to  a  hydraulic  test  at  high  pressure,  although  in  practice 
it  is  seldom  exposed  to  an  absolute  pressure  of  more  than  2 
kilograms  per  square  centimetre,  since  the  steam  is  expanded 
down  to  almost  atmospheric  pressure  before  actually  entering  the 
first-stage  compartment.  A  safety-valve  is  provided  as  protection 
against  any  chance  increase  in  pressure  occurring  in  service.  The 
casing  is  jacketed  with  non-conducting  material,  and  the  outer 
covering  consists  of  polished  sheet  metal  together  with  the  end 
castinga 

Method  of  Operation. — The  steam  first  passes  through  a 
sieve  of  fine  mesh,  and  then  enters  the  steam  chamber  after  leaving 
the  admission  valve.  It  then  enters  the  nozzles  of  the  first  stage. 
In  these  nozzles,  which  are  secured  in  the  casing,  a  large  part  of  the 
energy  of  the  steam  is  transformed  into  kinetic  energy,  and  after 
emerging  from  the  nozzle  at  high  speed  and  low  pressure,  it 
impinges  on  the  first  row  of  vanes  of  the  first  wheel.  It  is  then 
guided  by  reversing  vanes  against  the  second  row  of  vanes  of  the 
same  wheel.  The  steam  then  enters  a  second  set  of  diverging 
nozzles  located  in  the  partition  between  the  two  pressure  stages 
and  is  expanded  again  in  these  to  a  high  speed,  and  after  going 
through  a  similar  process  in  the  second  stage,  passes  off  to  the 
condenser. 

When  turbines  are  required  to  work  either  condensing  or  non- 
condensing,  a  valve  is  supplied  between  the  turbine  and  the 
condenser.      In    order    that    the    turbine    when    running    non- 
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condensing  may  carry  nearly  its  full  load,  and  as  economically  as 
possible,  only  a  part  of  the  full  supply  of  steam  is  carried  to  the 
second  stage;  the  remainder  is  exhausted  into  the  atmosphere 
immediately  after  having  completed  its  work  in  the  first  stage. 
The  discharge  from  the  first  stage  is  generally  ultimately  conveyed 
to  the  atmosphere  by  the  same  pipe  which  discharges  from  the 
second  stage. 

Bearings. — Oil  is  carried  under  pressure  to  the  bearings,  a 


Fig.  200.— 10  K.W.  A.E.G.  Set. 


rotary  pump,  driven  by  the  turbine  itself,  being  provided  for  the 
purpose.     The  bearings  are  cooled  by  water  circulation. 

Shaft. — The  shaft  is  of  nickel  steel  or  of  Siemens-Martin  steel, 
both  these  materials  having  been  found  equally  satisfactory  as 
regards  their  behaviour  at  the  bearing  surfaces. 

The  photographs  in  Figs.  200  and  201  illustrate  sets  for  10 
and  20  kilowatt.  This  latter  set  was  designed  for  a  marine 
installation.  Some  of  the  leading  data  of  these  two  small  sets  is 
given  in  Table  LXXVII. 
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Table  LXXVII. 

Rated  output 10  K.W.  20  K.W. 

Speed  in  R.p.m 4000  3600 

Voliage 115  115 

Absolute  steam  pressure  in  kgs.  per  sq.  cm.    .        .        .  9*65  11*5 

Superheat  in  degrees  Gent 57"  63*' 

Vacuum 908%  85% 

Approximate  steam  consumption  at  rated  full  load  in 

kgB,  per  kilowatt-hour 19*2  15*8 

Complete  weight  of  set 630  kg.  1220  kg. 

Peripheral  sp»ed  of  turbine  wheel  in  metres  per  second  105  120 

Peripheral  speed  of  commutator  in  metres  per  second    .  24  26 

Material  of  tne  brushes carbon  carbon 
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Description  of  the  Regrulator.— The  regulator  is  driven 
from  the  main  shaft  by  means  of  worm  gearing.  The  Allgemeine 
Elektricitats-Gresellschaft  does  not  wish  to  publish  details  of  this 
regulator  at  present,  further  than  to  state  that  it  acts  indirectly 
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by  controlling  the  pressure  of  the  oil  behind  a  piston  in  a  small 
cylinder.  This  piston  acts  on  the  throttle  valve.  Their  former 
method  of  regulation  by  means  of  opening  and  closing  the  com- 
munication with  the  several  nozzles  by  the  position  of  a  steel  band 
(see  Stodola,  Die  Damp/turbiiie,  pp.  252  and  253,  Figs.  224,  225, 
and  226)  has  been  abandoned,  for  constructional  reasons. 
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The  new  method  of  regulation  is  stated  to  be  exceedingly 
sensitive.      The   regulator   is   located   immediately   behind   the 


Table  LXXVIII. 


Speed  in  B.p.m. 


Rated 
full  load. 

3000 


II. 


Absolute    admission     pressure    in 
per  sq.  cm.   . 


Temperature  of  steam  at  admission 
in  degs.  Gent. 


Superheat  in  degs.  Cent 

Absolute    steam   pressure   at    ad 
mission  to  Stage  II.  in  Kgs.  per 
aq.  cm 


Temperature  of  steam  at  admission 
to  Stage  II.  in  degs.  Cent.    . 


Vacuum  in  low-pressure  chamber 


Oil  pressure  in  Bearing    I. — Kgs. 
per  sq.  cm.  .... 


Oil  pressure  in  Bearing  II. 


i   Oil  pressure  in  Bearing  III. 


Temperature  of  Bearing   I. — degs. 
Centc 


Temperature  of  Bearing  II. — degs. 
Cent. 


13 


300* 


{load. 
3000 


III. 
iload. 


IV. 


13 


300' 


Temp,  of  Bearing  III. — degs.  Cent. 


Pressure   in    Stuffing  Box  — Kgs. 
per  sq.  cm. 


Steam  consumption  in    kilograms 
per  hour 


Output  in  kilowatts 


109 


0-974 


124" 


109 


0-796 


3000 

13 

300" 
109 


iload. 
3050 

13 

286' 
94 


0-605 


122" 


90-8% 


2-3 


90-8% 


2-3 


2-2 


2-0 


0-61 


118" 

115" 

90-8% 

95-2% 

2-3 

21 

30" 


56" 


53" 


2-2 


7500 


2-2 

2-2 

2-0 

20 

30" 

30" 

66" 

56" 

50" 

50" 

2-0 


27" 


2-2 


1000 


6115 
750 


2-2 


57" 


52" 


4-0 


4660 


500 


3955     ! 
451     , 


throttle  valve.     On  suddenly  throwing  off  rated  full  load  the 
increase  in  speed  does  not  exceed  5  per  cent.    An  alteration  of  25 
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per  cent,  in  the  load  is  accompanied  by  a  speed  variation  of  about 
2  per  cent.  The  momentum  of  the  revolving  parts  prevents  over- 
regulation. 

In  addition  to  this  regulation  a  safety-governor  is  provided. 
This  is  located  direct  on  the  turbine  shaft  and  controls  the  main 
valve,  which  is  arranged  as  a  quick-acting  cut-off  valve,  which  can 
be  actuated  by  hand  as  well  as  by  the  safety-governor.  This 
safety-governor  is  brought  into  action  by  any  increase  of  speed 
beyond  15  per  cent,  above  the  normal  rated  speed. 

A  lOO-kilowatt  set  is  illustrated  in  Figs.  202  and  203,  and  a 
1000-kilowatt  three-phase  set  in  Fig.  204. 

Tests  on  this  1000-kilowatt  set  have  given  the  results  set  forth 
in  Tables  LXXVIII.  and  LXXIX. 

Table  LXXIX. 


steam  Consumption 
in  Kgs.  per  Kilowatt- 
hour. 

Vacuum. 

Superheat  in    1 
Degs.  Cent. 

Rated  full  load  . 

jload         .        .        .        . 

iload 

J  load        ...        . 

7-50 
8-15 
9-32 

8-78 

90-8% 
90-8% 
90-8% 
95-2% 

109 

109 

109 

94 

Certain  further  details  of  this  1000  K.W.  set  and  of  a  150  K.W. 
set  are  set  forth  in  Table  LXXX. 


Table  LXXX. 

Bated  output 

Speed  in  R.p.m. 

Type  of  dynamo 

Voltage 

Per.odicity . 

Absolute  bteam  pressure  in  Kgs. 

Superheat  in  degs.  Cent.     . 

Vacuum  in  per  cent.   . 

Approximate  steam   consumption  at 

Kgs.  per  kilowatt-hour 
Complete  weight  of  set 
Peripheral  speed  of  commutator  in  metres  per  second 
Material  of  the  brushes 


per  sq.  cm. 


rated  load,  in 


160K.W.    1000  K.W. 

3000  3000 

Cont.  curr.     S-phase 

560  volta  3,000  volts 

60  cycles 

10-5  13 

123  109 

96  90-8 

9-17  7-60 

8,600  Kg.   40,000  Kg. 
40 
metal 
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The   Allgemeine   Elektricitats-Gesellschaft   builds    polyphase 
turbo-generating  sets  in  capacities  of  from  100  kilowatts  to  6000 
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kilowatts.    The  speeds  for  a  periodicity  of  50  cycles  per  second 
are  as  follows : — 


298 


STEAM  TURBINS  ENGINEERING 
Table  LXXXI. 


Bated  Output  in  E.W.       Speed  in  &.p.m.     No.  of  Poles. 


-I- 


100  to  1000 
1500  to  3000 
4000  to  6000 


3000 
1500 
1000 


I 


Continuous-current  turbo-generating  sets  are  built  in  capacities 
ranging  from  50  kilowatts  up  to  750  kilowatts.  The  speeds  are 
as  follows : — 

Table  LXXXII. 


Rated  Outpat  in  K.W.   |  Speed  in  Kp.ui.  i 


50  to  300 

3000 

500 

2000 

760 

1         1500 

All  these  machines  have  metal  brushes. 

In  addition  to  the  above  line  of  machines,  a  line  employing 
carbon  brushes  is  built  in  capacities  of  from  2  kilowatts  to  20 
kilowatta     These  are  made  in  the  sizes  shown  in  Table  LXXXII  I. 


Table  LXXXIII 

• 

Bated  Oatput 
in  Kilowatts. 

'             Volts. 
115 

Speed  in  B.p.m. 

2 

5000 

5 

65  and  115 

4600 

10 

115 

4000 

15 

65  and  115 

4000 

20 

i            115 

1 

3600 

In  polyphase  sets  for  operation  in  parallel,  the  regulation  is 
provided  with  a  spring  adjustment  controlled  by  a  hand  wheel, 
which  permits  of  bringing  the  speed  of  the  unloaded  machine  down 
to  the  speed  of  the  loaded  machine  with  which  it  is  to  be 
synchronised. 
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Tests  on  a  470-kilowatt  A.E.G.  three-phase,  550  volt,  3000 
revolutions  per  minute,  50  cycle,  turbo-generating  set. 

Particulars  of  some  tests  made  on  this  set  in  February  1905 
at  the  works  of  the  Allgemeine  Elektricitats-Gesellschaft  have 
been  published  in  an  article  ^  on  p.  633  of  Glilckauf  for  May 
20th,  1905. 

The  rated  full  load  for  this  set  is  470  kilowatts  and  a  power 
factor  of  0-8. 

In  this  set  the  dynamo  is  located  between  two  bearings,  outside 
of  each  of  which  is  an  overhung  turbine  casing.*  The  overall 
length  of  the  set  is  5025  millimetres,  the  width  2200  millimetres, 
and  the  height  above  the  engine-room  floor  2100  millimetres     The 

set  thus  occupies  a  floor  space  of  110  square  metres,  or  tj^tc  =  45*5 

kilowatts  per  square  metre  of  floor  space. 

The  turbine  wheels,  which  are  of  nickel  steel,  have  a  diameter 
of  1700  millimetres,  the  peripheral  speed  thus  being  267  metres 
per  second.  The  steam  is  admitted  to  the  first  stage  through 
28  nozzles,  and  then  passes  to  the  second  stage,  entering  through 
68  nozzles.  It  then  flows  off  to  the  condenser.  The  turbine  can 
also  carry  its  full  rated  load  continuously  when  working  non- 
condensing. 

Steam  consumption  curves  derived  from  tests  made  on  this 
turbine  are  given  in  Fig.  205. 

In  Table  LXXXIV.  are  tabulated  the  no-load  test  results  on  a 
470-kilowatt  A.E.G.  turbine.  Full-load  steam  consumption  per 
hour  =  5000  kilograms.  No-load  steam  consumption  per  hour  = 
1046  kilograms.  No-load  steam  consumption  is  therefore  approxi- 
mately one-fifth  of  the  total  steam  consumption  at  full  rated  load. 

Tablb  LXXXIV.3— No-Load  Tests  on  a  470  K.W.  A.E.G.  Turbine. 

^ j 

!  Absolute  Pressure     Exhaust  pressure  |  Steam  Consump-   ; 

B.p.in.  in  Kgs.  per  in  Krs.  per         Superheat,     tioo  at  No-Load    ! 

i  sq.  cm.  sq.  cm.  In  Kgs.  per  hour.   ' 


'  I  ' 

3016     I  10-0  010  0        I  1046 


*  "  Untersuchung  einer  500  K.W.  Turbodynamo  fiir  die  Zeche  Preuseen 
I.,"  von  Oberingenieur  F.  Schultze,  Dortmund. 

'  This  type  represents  an  intermediate  Htage  in  the  development  of  the 
present  A.E.G.  turbine.  In  the  present  type  the  turbine  is  located  entirely 
at  one  end. 

3  From  Gluckauf,  p.  635,  May  2()th,  1905. 
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The  test  results  shown  in  Table  LXXXV.  (reference  numbers 
III.,  IV.,  VI.,  and  IX.)  have  been  derived  from  curves  given  in  the 
article  by  0.  Lasche,  entitled  "Die  Dampfturbinen  der  A.E.G., 
Berlin"  (Zeitschr.  Vereines  Deidsch,  Ing,^  p.  1207,  August  13th, 
1904).  The  pressure  under  which  the  above  tests  were  conducted 
was  12  kilograms  gauge  pressure,  or  13  kilograms  absolute  pressure. 
The  vacuum  is  not  stated  in  the  article,  but  the  manufacturers  have 
kindly  furnished  us  with  particulars  in  which  they  state  that  a 


Fio. 


Out/HtC  m  HihumCCs 
205.— Steam  Consumption  :  A.E.G.  470  K.W. 


Set 


95  per  cent,  vacuum  was  employed  in  these  tests,  but  that  they 
can  now  get  the  same  steam  economy  when  employing  a  vacuum 
of  from  90  to  91  per  cent.  It  has  therefore  been  thought  advis- 
able by  the  authors,  in  the  case  of  these  tests,  to  state  the 
corresponding  vacuum  for  the  tests  as  being  92  per  cent. — an 
intermediate  value.  The  manufacturers  further  state  that  the 
temperature  of  the  steam  was  300°  C,  which  for  13  kilograms 
absolute  pressure  gives  a  superheat  of  about  109°  C. 

The  test  results  set  forth  in  Table  LXXXV.  have  been  corrected 
so  as  to  correspond  to  the  standard  conditions  of  reference,  namely, 
of  13  kilograms  absolute  pressure,  a  vacuum  of  86*6  per  cent,  and 
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Table  LXXXV.— Summary  of  Test  Rbsults 
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II. 


III. 


IV. 


V. 


VI. 
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VIII. 


IX. 
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HmuIU  for  20  per 
Cent,  of  Rated  Load. 
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60"*  of  superheat.     The  curves  used  in  the  case  of  the  de  Laval 
turbine,  for  estimating  the  variation  in  steam  consumption  for  a 
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variation  in  pressure,  vacuum,  and  superheat,  were  employed  in 
obtaining  the  values  corresponding  to  these  standard  conditions. 
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The  derived  results  are  set  forth  in  Table  LXXXVI.  Since  in  the 
A.E.G.  turbines  the  expansion  is  completed  in  the  nozzles,  it  is 
believed  that  the  correction  factors  for  variations  in  pressure, 
superheat,  and  vacuum  should  approximate  to  those  derived  from 

Table  LXXXVI.— Showing  thb  Inferred  Steam  Consumption,  with  a 
Constant  Absolute  Steam  Pressure  of  13  Kgs.,  a  Vacuum  of  86*6 
per  cent ,  and  50"  c.  of  superheat  for  the  a.e.g.  turbinb,  as 

DERIVED  FROM   TeST   RESULTS  ON   TaBLE   LXXXV. 
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our  analysis  of  the  results  on  de  Laval  turbines.  Thus,  in  examin- 
ing the  tests  on  the  470-kilowatt  set  as  given  in  Table  LXXXV., 
we  find  that  53"  Cent,  of  superheat  at  nearly  constant  admission 
pressure  and  vacuum  reduces  the  steam  consumption  by  5*6  per 
cent,  as  against  7'4  per  cent.,  corresponding^  to  the  curve  in  Fig.  31 
for  the  de  Laval  turbine.  The  tests  on  the  470-kilowatt  set  at 
constant  admission  pressure  and  temperature,  but  with  a  5  per  cent. 
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improvement  in  vacuum,  show  a  decreased  steam  consumption  of 
7  per  cent,  as  against  6*25  per  cent,  corresponding  to  the  curve  in 
Fig.  23  for  the  de  Laval  turbine. 

The  Allgemeine  Elektricitats-Gesellschaft  also  manufacture 
condensers  for  steam  turbine  installations,  one  type  of  which  is 
indicated  in  Figs.  196  and  197  in  the  base  of  their  vertical  type 
of  Eiedler-Stumpf  turbine. 

Admission  Nozzles. — Fig.  206  shows  a  photograph  of  the 
interior  of  a  turbine  set. 


CHAPTER  X 

THE   HAMILTON-HOLZWARTH  TURBINE 

The  Hamilton-Holzwarth  Steam  Turbine  resembles  the  Parsons 
in  that  the  steam  flows  through  the  turbine  in  a  continuous  belt. 
But  whereas  the  steam  in  the  Parsons  type  expands  both  in  the 
guide  vanes  and  in  the  wheel  buckets,  the  expansion  is  confined  to 
the  guide  vanes  in  the  Hamilton-Holzwarth  type,  thus  resembling 
the  Rateau  and  Zoelly  types  in  this  respect.  The  Hamilton- 
Holzwarth  also  differs  from  the  Parsons,  and  resembles  the  Bateau 
and  Zoelly  types,  in  having  distinct  wheels  for  each  set  of  blades. 

The  following  diagram,  Fig.  207,  is  taken  from  a  publication 
issued  by  the  Hooven-Owens-Eentschler  Company,  of  Hamilton, 
Ohio,  who  are  the  manufacturers  of  the  Hamilton-Holzwarth 
turbine.  From  the  diagram  it  is  seen  that  the  steam  pressure 
decreases  in  each  set  of  guide  blades,  but  remains  constant  during 
the  passage  of  the  steam  from  one  side  to  the  other  of  each  set  of 
wheel  blades.  The  velocity  alternately  increases  and  decreases  in 
the  guide  blades  and  wheel  blades. 

The  Turbine  Wheel. — One  feature  in  which  the  Hamilton- 
Holzwarth  turbine  differs  from  most  others  consists  in  the  built- 
up  wheel.  Drawings  of  a  wheel  are  shown  in  Fig.  208.  These 
and  the  other  drawings  in  this  chapter  have  been  kindly  furnished 
to  us  by  the  manufacturers,  and  relate  chiefly  to  a  1000  kilowatt 
1500  revolutions  per  minute  set  exhibited  in  the  St  Louis 
Exposition  of  1904.  This  set  has  a  normal  rated  capacity  of  1000 
kilowatt,  and  a  maximum  capacity  of  1500  kilowatt.  The  dynamo 
is  a  Bullock  3  phase,  25  cycle,  1500  revolutions  per  minute,  6600 
volt  alternator. 

The  turbine  portion  of  the  unit  up  to  the  coupling  with  the 
dynamo  shaft  is  24  feet  3  inches  long,  7  feet  3  inches  wide,  and 
7  feet  8  inches  high,  and  weighs  114,000  lbs.     The  entire  unit, 
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including  generator,  is  40  feet  2^  long  and  9  feet  8  inches  wide,  and 
weighs  190,000  lbs.  The  turbine  is  designed  for  an  admission 
pressure  of  14  absolute  metric  atmospheres  and  a  vacuum  of  93*5 
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Fig.  207. — Hamilton-Holzwarth's  Theoretical  Diagram  of  Changes  in 
Pressure  and  Velocity. 

per  cent.  (28  inches  of  mercury).  The  design  appears  to  have 
altogether  some  32  wheels,  and,  say,  a  mean  of  150  blades  per 
wheel,  or  a  total  of  4800  vanes.  This  gives  about  0*21  kilowatt 
per  vane.^     The   diameter  of  the  largest  wheel  appears  to  be 

*  We  have  seen  in  Chapter  IV.  that  in  a  750  kilowatt  set  of  the  Parsons 
type  there  are  some  30,000  vanes,  or  0*06  kilowatts  per  moving  vane. 
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about  3*1  metres,  giving  a  peripheral  speed  of  240  metres  per 
second.  It  is  noteworthy  that  the  number  of  wheels  and  blades 
is  comparatively  large,  yet  it  is  far  below  the  number  employed 
in  the  Parsons  type. 

It  is  seen  from  Fig.  208  that  the  running  wheel  comprises 
steel  discs  riveted  to  both  sides  of  a  cast -steel  hub,  which  is 
mounted  upon  and  splined  to  the  shaft.  The  vanes  are  held  to 
the  steel  discs  by  moans  of  rivets  passing  through  the  discs  and 
through  extensions  from  the  vanes,  which  are  gripped  between 
the  discs.  A  thin  steel  band  is  tied  around  the  wheel  at  the  outer 
end  of  the  vanes,  and  this  band  constitutes  an  outside  wall  to  the 


Fig.  208.— Revolving  Wheel. 

steam  passages.  Fig.  209  illustrates  the  design  of  wheel  indicated 
in  Holzwarth's  U.S.A.  patent  No.  752340,  of  February  16th,  1904. 
This  figure  also  well  illustrates  the  construction  of  the  vanes  or 
buckets.  These  are  lune-shaped  and  hollow,  so  as  to  reduce  their 
weight.  They  are  milled  on  both  edges.  It  is  stated  that  tests 
show  that  when  mounted  on  the  rim  of  the  wheel  as  indicated,  a 
blade  will  withstand  a  pull  of  400  kilograms.  Each  wheel  is 
independently  balanced  to  well  within  2  grams. 

The  wheels  have  been  designed  throughout  with  a  view  to  light 
construction.  This  permits  of  the  use  of  a  shaft  of  relatively  small 
diameter,  and  a  proportionately  small  bore  for  the  stationary  discs, 
with  consequent  reduced  opportunity  for  leakage  of  steam  from 
stage  to  stage  without  passing  through  the  vanes. 

The  Stationary  Discs. — The  construction  of  the  stationary 
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discs  is  illustrated  in  Fig.  210.  The  discs  are  set  in  grooves  in 
the  turbine  casings,  the  latter  being  horizontally  split  as  in  the 
Parsons  type.     But  while  the  stationary  blades  belonging  to  the 


Fio.  209.— Holzwarth  Turbine.     U.S.  Patent  752,340,  Feb.  16,  1904. 

Upper  half  of  the  turbine  are  lifted  with  the  upper  half  of  the 
casing  in  the  Parsons  turbine,  the  rings  holding  the  stationary 
blades  remain  in  place  in  the  Hamilton -Holzwarth  type.  The 
vanes  are  of  drop  forged  steel  of  the  shape  indicated  in  Fig.  210. 
They  are,  of  course,  of  increasing  radial  height  in  successive  discs, 
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to  provide  for  the  gradual  expansion  of  the  steam.  They  are 
secured  by  rivets  in  a  groove  in  the  outside  periphery  of  the -discs, 
and  are  milled  to  secure  the  necessary  accuracy  of  spacing  and  of 
angles. 

The  disc  and  vanes  are  ground  on  their  outside  edges  to  the 
correct  profile,  and  then  a  tough  steel  ring  is  shrunk  on  the  outside 
periphery.  This  steel  ring  constitutes  the  means  by  which  the 
disc  is  fitted  into  the  grooves  in  the  casing. 

The  diameter  of  the  bore  of  the  stationary  disc  exceeds  that  of 
the  hub  of  the  running  wheel  by  as  small  a  clearance  as  practicable, 
so  as  to  reduce  the  leakage  of  steam. 


210.— Fixed  Disc  of  Hamilton-Holzwarth  Turbine. 


The  1000  kilowatt  set  exhibited  at  St  Louis  is  illustrated  in 
Figs.  211  to  214.  In  this  design,  as  in  all  sizes  from  750  kilowatts 
upwards,  high  and  low  pressure  casings  are  provided.^ 

Separate  bed  plates  are  provided  for  each  casing,  and  still 
another  for  the  dynamo.  These  three  bed  plates  are  bolted  rigidly 
together.  All  steam,  oil,  and  water  piping,  including  the  steam 
inlet,  regulating  and  by-pass  valves,  are  within  and  below  the  bed 
plate. 

The  steam  first  passes  through  the  steam  separator  which  is 
placed  below  the  bed  plate,  and  then  arrives  at  the  main  inlet  valve, 
which  is  controlled  by  a  hand  wheel  located  above  the  engine-room 
floor  at  the  high-pressure  end  of  the  turbine.  The  steam  next 
passes  through  the  regulating  valve  and  then  through  a  curved 

1  Smaller  units  have  but  a  single  casing. 
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pipe  to  the  high  -  pressure  end  of  the  turbine.  From  the  ring 
channel  in  the  turbine  head  the  steam  reaches  the  first  set  of 
stationary  vanes,  which  are  rigidly  connected  to  the  head.  From 
here  the  steam  flows  in  a  full  cylindrical  belt  through  the  successive 
stages  and  to  the  condenser. 


Fig.  213.— End  View  of  Fig.  212. 


It  is  arranged  that  the  high-pressure  steam,  when  admitted 
directly  to  the  low-pressure  casing  for  temporary  overloads,  shall 
have  an  injector  action,  dragging  along  with  it  the  low-pressure 
steam  from  the  last  stage  of  the  high-pressure  casing,  instead  of 
building  up  a  back  pressure  at  that  point.  This  by-pass  arrange- 
ment is  controlled  by  the  governor. 
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Shafts  and  Bearings. — A  unique  feature  of  the  Hamilton- 
Holzwarth  turbine  is  the  subdivision  of  the  shaft.    Thus  in  the 
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1000  kilowatt  set  the  shaft  is  in  three  sections,  connected  by 
flexible  couplings.  This  arrangement  permits  of  independent 
expansion  and  contraction  under  the  influence  of  temperature. 
With  further  reference  to  this  point,  the  casings  are  not  fastened 
to  the  bed  plate.  The  turbine  shafts  and  casings  are  held  r^d 
only  at  the  exhaust  ends  by  means  of  the  high-pressure  and  low- 
pressure  pedestals  respectively.  Thus  they  can  expand  in  the 
direction  opposite  to  that  in  which  the  steam  flows.  At  the  intake 
ends  of  the  two  casings  there  are  no  rigid  connections. .  There  is 
hardly  any  axial  thrust  on  the  wheels,  as  the  expansion  of  the 
steam  occurs  in  the  fixed  vanes  only.  Any  small  thrust  present  is 
taken  up  by  a  thrust  ball  bearing.  By  means  of  this  bearing  the  shaft 
may  be  moved  in  an  axial  direction  in  order  to  adjust  the  relative 
positions  of  ring  wheels  and  stationary  discs.  Owing  to  the  use  of 
the  flexible  couplings,  each  shaft  can  be  thus  adjusted  by  itself 
without  affecting  the  location  of  the  other  shafts.  The  three  shafts 
belonging  respectively  to  the  high-pressure  casing,  the  low-pressure 
casing,  and  the  dynamo  are  each  proportioned  in  accordance  with 
the  requirements.  Owing  to  the  lightness  of  the  wheels  the  two 
former  shafts  are  of  relatively  small  diameter,  whereas  the  shaft  to 
the  dynamo  is  larger  because  of  the  very  considerable  weight  of 
the  rotor. 

The  design  of  flexible  coupling  employed  between  the  different 
sections  of  shaft  is  of  interest.  It  was  required  that  this  coupling 
should  easily  transmit  the  turning  moment,  stand  the  high  angular 
velocity,  and  allow  ample  clearance  for  shifting  and  moving  the 
coupled  shafts  in  axial  and  radial  direction.  Each  half  of  the 
coupling  consists  of  a  disc,  secured  upon  the  end  of  the  shaft  by 
means  of  keys.  The  discs  are  fitted  near  their  outer  circumference 
with  projecting  teeth,  consisting  of  steel  laminations.  The  teeth  of 
one  disc  fit  between  the  corresponding  teeth  of  the  other  disc,  so 
that  a  number  of  pairs  of  brushes  distributed  around  the 
circumference  are  always  flexibly  engaged  in  either  direction  of 
rotation.  It  is  stated  by  the  manufacturers  that  this  coupling  is 
suitable  for  any  practical  angular  velocity  and  for  the  transmission 
of  large  powers. 

Stuffing  Boxes. — The  stuffing  boxes  used  at  each  end  of  each 
casing  are  illustrated  in  Fig.  215.  The  design  is  based  upon  the 
principle  that  a  shaft  revolving  in  a  box  of  sufficient  length  and 
with  small  clearance  throttles  any  escaping  steam.  Instead  of 
providing  a  long  box,  the  required  length  of  leakage  surface  is 
obtained  by   the    telescopic    construction    shown    in    Fig.    215. 
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A  ring  fastened  to  the  shaft  and  revolving  with  it  extends 
axially  into  the  deep  groove  of  another  ring  which  does  not 
revolve.  The  stationary  grooved  ring  presses  against  the  adjoining 
bearing  bushing.  The  space  between  this  ring,  the  bushings,  and 
the  shaft  is  connected  with  a  drain  pipe  on  the  pressure  side  and  a 
water  pipe  on  the  vacuum  side.  By  this  means  it  is  impossible  for 
steam  to  leak  along  the  shaft. 

The  bearings  for  the  turbine  shaft  are  made  with  cylindrical 
shells,  but  those  for  the  generator  shaft,  having  greater  weight 
to  carry,  have  spherical  shells  to  ensure  their  alignment. 

The  pedestals  and  caps  of  the  bearings  are  arranged  so  that  the 
oil  inlet  and  outlet  are  placed  close  together,  and  none  of  the  piping 


Fio.  216.— Stuffing  Box. 

has  to  be  deranged  to  take  out  the  bushings.  The  oil  flows  to  the 
bottom  bushing  under  a  slight  pressure  and  is  led  off  through  the 
cap  to  the  oil  outlet  in  the  pedestal  It  is  stated  that  the 
dimensions  of  the  bearings  are  such  that  they  can  be  guaranteed  to 
run  cool  without  any  risk. 

Governor. — Fig.  216  shows  the  arrangement  of  the  govern- 
ing mechanism.  The  worm  on  the  turbine  shaft  W  keeps  the 
disc  m  revolving.  The  position  of  the  centrifugal  governor 
M  on  the  end  of  the  turbine  shaft  fixes  the  point  of  contact 
of  the  friction  wheel  e  on  the  rotating  disc  m,  Wlien  on  one 
side  of  the  centre  of  m  the  rotation  of  e  closes  the  valve  on 
spindle  a,  on  the  opposite  side  of  the  centre  of  m  it  opens  the 
valve ;  on  the  centre  it  produces  no  movement ;  also  the  spring- 
controlled  lever  gk  holds  disc  m  out  of  contact  with  e  at  this 
position. 


318 


STEAM  TURBINE  ENGINEERING 


The  speed  of  the  valve's  motion  depends  on  the  distance  of  the 
contact  from  the  centre  of  m. 

If  the  speed  exceeds  the  normal  by  2*5  per  cent.,  the  spring 
balance  p  shuts  off  steam. 


Fig.  216. — Governing  Mechanism.     Position  with  Turbine  at  Normal  Speed. 


W,  turbine  shaft. 

/,  spindle  which  actuates  valve  on  a. 

a,  valve  spindle. 

n,  hollow  shaft  fixed  to  worm  wheel. 


2,  spindle  carrying  m, 
m,  friction  disc. 

e^  friction    wheel    sliding    on    feather 
in/. 


(From  ZeitschHft  d.  V,  d.  /.,  Jan.  28,  1906,  and  U.S.A.  Patent 761966, 1904.) 

Lubrication. — A  pump  driven  off  a  worm  on  the  main  shaft 
supplies  oil  under  pressure  and  forces  it  through  a  strainer  and 
cooler  after  it  has  passed  through  the  bearings. 
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CHAPTER  XI 

THE  BLEKTRA  STEAM  TURBINE 

The  Elektra  Steam  Turbine  will  be  understood  by  reference  to  the 
drawings  in  Fig.  217,  and  the  photograph  in  Fig.  218,  which 
shows  the  parts  of  a  50  horse-power  turbine.  The  turbine  is  at 
present  built  only  in  sizes  of  from  10  to  300  horse-power  rated 
output,  but  it  is  the  intention  of  the  Gesellschaft  fiir  Elektrische 
Industrie  of  Karlsruhe  to  develop  designs  for  larger  sizes.  It  is 
pointed  out  by  the  manufacturers  to  whom  we  are  indebted  for 
our  information  that  the  Elektra  turbine  runs  at  moderate  speeds 
without  the  need  of  reduction  gearing,  as  in  the  de  Laval  type,  on 
the  one  hand,  and  without  the  employment  of  wheels  of  large 
diameters  and  high  peripheral  speeds,  as  in  the  Eiedler-Stumpf  and 
other  types,  on  the  other  hand.  Like  both  of  these  types,  the 
Elektra  turbine  in  its  simplest  form  has  but  a  single  running 
wheel,  and  in  this  respect  differs  from  the  Parsons,  Bateau,  Zoelly, 
and  the  other  multiple  wheel  turbinea 

The  relatively  low  speed  is  obtained  by  utilising  four  successive 
impacts  of  the  jet  of  steam  against  the  vanes  of  the  running  wheel 
in  passing  from  the  admission  nozzle  to  the  exhaust  outlet.  The 
energy  of  the  steam  is  transformed  by  expansion  in  the  nozzle 
into  kinetic  energy,  a  part  of  which  is  delivered  to  the  vanes  of 
the  wheel  at  each  impact. 

A  casing,  in  which  are  cast  two  concentric  steam  passages^  and 
q,  surrounds  the  working  parts.  The  steam  is  admitted  by  the 
passage  jo,  and  after  performing  its  work,  leaves  the  turbine  by  the 
passage  q.  The  steam  arriving  by  p  is  discharged  against  the 
vanes  of  the  wheel  through  the  two  nozzles.  The  steam  rebounds 
from  the  vanes  into  the  first  of  the  reversing  passages  g,  and  is 
therein  guided  for  a  second  time  against  the  vanes  of  the  wheel. 
This  process  is  continued  until,  after  several  (usually  four)  impacts, 
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it  flows  off  to  the  outlet  q.  The  passages  from  p  to  q  are  gradually 
increased  in  section  to  correspond  with  the  increasing  volume  and 
decreasing  speed  of  the  steam. 

Construction.     Peripheral  Speed  and  Clearance. — The 
general  construction  of  the  turbine  wheel  may  be  understood  by 


Fio.  218.— 50  Horse-power  Elektra  Steam| Turbine. 

reference  to  the  illustrations.  The  steel  vanes  are  mounted  on  a 
wrought-iron  or  steel  disc,  and  are  held  in  place  by  a  press-ring. 
The  peripheral  speed  is  only  from  80  to  100  metres  per  second 
(260  to  330  feet).  As  the  steam  flows  radially  back  and  forth  over 
the  vanes  of  the  wheel,  there  is  no  end-thrust.  The  clearance 
between  the  running  vanes  and  the  stationary  nozzles  is  about  3 
millimetres. 
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The  manufacturers  have  supplied  us  with  the  data  comprised 
in  Table  LXXXVIIL  These  guarantees  relate  to  the  single- 
wheel  type,  which  is  made  in  capacities  up  to  and  including 
100  horse-power. 

Table  LXXXVIII. — Single- Wheel  Elektra  Turbines. 


Bated  Out- 

Rftted  Speed 
in  B.p.m. 

Ooaranteed  Steam  Consamption  in  Kga.  per  Horae-power  Hour  i 
and  an  Absolute  Admiaslon  Preunre  of  U  Kga.  per  sq.  cm. 

pat  in 
fione- 
power. 

Condenaing,— 90%  Yaoaom. 

No  Superheat. 

Superheat^ 
60*  Cent. 

No  Superheat. 

Superheats 
60*  Cent. 

10 
16 
20 
30 
60 
76 
100 

4000 
4000 
3600 
3600 
3000 
3000 
3000 

23 
22 

20 
19 
18 
17 
16-6 

20-6 

19*6 

18 

17 

16-6 

14-6 

13-6 

16 

14-6 

13-6 

12-6 

120 

11-6 

10*6 

13-6 
12-6 
120 
11-6 
110 
10-0 
9-6 

>  Tlible  LXXXIX.  gives  these  values  per  K.W.  hour. 


For  sizes  of  30  horse -power  and  greater,  the  manufacturers 
provide,  when  desired,  a  compound  type  with  two  running  wheels. 
The  designs  for  150,  200,  and  300  horse-power  appear  to  be  built 
exclusively  in  the  two-wheel  type. 

In  Table  LXXXIX.  are  given  the  manufacturers'  guarantees  for 
the  single-wheel  type  up  to  and  including  the  30  horse-power  size, 
and  for  the  double-wheel  type  for  the  larger  sizes.  In  this  table  the 
results  are  expressed  in  terms  of  the  steam  consumption  in  kilo- 
grams per  kilowatt-hour  output  from  a  dynamo  direct-connected 
on  the  turbine  shaft. 

Some  further  data  of  the  single- wheel  designs  has  very  kindly 
been  furnished  us  by  the  manufacturers,  and  is  set  forth  in  Table 
XO. 

The  manufacturers  report  that  the  turbine  is  provided  with 
means  whereby,  when  the  machine  must  operate  for  a  considerable 
time  at  light  loads,  a  considerable  economy  can  nevertheless  be 
obtained.  When  this  means  is  employed,  the  steam  consumption 
per  kilowatt-hour  of  output  at  light  loads  will  exceed  that  at 
rated  full  load  by  the  percentages  set  forth  in  the  second  column 
of  Table  XCI.  For  fluctuating  loads  this  means  cannot  be 
employed,  and  the  corresponding  increase  in  steam  consumption  is 
then  as  shown  in  the  third  column  of  the  table. 
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Table  LXX XIX.— Single-  and  Double- Wheel  Elbktra  Turbine  Sets, 

COMFRIBINO  A  DIRECT-CONNECTED  GENERATOR. 


Rated 
Output. 

Rated 
Speed 

In 
R.p.ro. 

No.  of 
Wheels. 

1 
1 
1 

Guaranteed  Steam  Consumption  in 

Kgs.  per  Kilowatt«hour. 

Absolute  Admission  Pressure =11  Kgs. 

per  sq.  cm. 

Superheat =5u' Cent. 

Vacuum =90  per  cent. 

20-4 

Corresponding  Values 

inferred  for  Absolute 

Adm.  Pressure  of  IS  Kg. 

Superheats  50'  Cent. 
Vacuum =86-6  per  cent. 
(The  "  Standard  "  con- 
ditions adopted  through- 
out this  treatise). 

InH.P.from 
Turbine  Shaft. 

InK^W.ftom 
Dynamo. 

10     6-3'  4000 

20-8 

15  1  9-6 

4000 

19-2 

20-3 

20 



13-0 

3600 

18-2 

18-6 

30 

19-7    3500 

land 
2 

2 

2 

17-4  (and  12-8  for  the  2-wheel 
type) 

17-2  (and  13-4  for 
the  2- wheel  type) 

60 

33-3 

610 

3000 

12-4 

12-9 
12-2 

75 

3000 

11-8 

100 

68-0    3000 
100    3000 
136    3000 

2 
2 
2 
2 

11-5 

11-8 

150 

11-2 
10-6 

11-5 

200 

10-9 

-  -  1  - 

300  j  200  1  3000 

10-0 

10-4 

Table  XC.  -Single-Wheel  Elkktra  Turbines. 


1 

Rated  Output 
in  Horse-power. 

i 

Rated  Speed 
in  R.p.m.       1 

1 

Weight  in 
Kilograms. 

Diameter  of 
Wheel  in  mm. 

Peripheral 

speed  in  m.p. 

sec. 

►^1 

Horse-power 
per  vane. 

11 

Length  from 

Outer  End  of 

Regulator  to 

Middle  of 

Coupling. 

10 

4000 

275 

300 

63 

235 

0-042 

600 

750 

15 

4000 

325 

300 

63 

235 

0-063 

600 

800 

20 

3500 

400  ! 

400 

73 

310 

0065 

800 

950 

30 

3600 

600 

400 

73 

310 

0-097 

800 

1050 

50 

3000 

900 

525 

83 

400 

0125 

1150 

1350 

75 

3000 

1250 

525 

83 

400 

0-19 

1150 

1450 

100-120 

3000 

1500 

625 

98 

400 

0-25 

1350 

1660 
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Tablb  XCI. 


Percentage  Increase  In  Steam  Consumption 
over  that  at  Bated  Full  Load  for  an  Absolute 
Admission  Pressure  of  11  Kgs.  per  sq.  cm.,  50° 
Cent,  of  Superheat,  and  a  90%  Vacuum. 


^load 


iload 


{load 


For  a  Steady  Load,  by 

means  of  Special 

Arrangement, 


10  per  cent. 


6  per  cent. 


3  per  cent. 


For  a  Fluctuating 
Load. 


55  per  cent. 


20  per  cent. 


7  per  cent. 


Dimensiona — A  50  horse-power  2- wheel  turbine  (exclusive 
of  dynamo)  requires  a  floor  space  of  1*3  x  11  metres,  and  has  a 
height  of  1*5  metres. 
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Fig.  219. — Approximate  Weights  of  Elektra  Turbines. 

Curve  A = Total  Weights. 
„      B = Weight  per  Horse-power  Output 

Curves  indicating  the  approximate  weights  of,  and  floor  space 
occupied  hy,  Elektra  Steam  Turbines  are  shown  in  Figs.  219 
and  220. 
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Fig.  220.— Approximate  Floor  Space  occupied  by  Elektra  Turbines. 

A = Total  (Lower  Scale). 

B=per  Horse-power  (Upper  Scale). 
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CHAPTEE  XII 

THB  UNION  STEAM  TUBBINK 

The  Union  Steam  Turbine  is  built  bj  the  Maschinenbau-Aktien 
Gresellschaft  Union  at  Essen.  The  turbine  has  only  recently  been 
developed,  and  it  is  not  yet  extensively  used;  nevertheless  it 
has  been  thought  that  it  could  appropriately  be  described  as 
illustrative  of  an  important  direction  towards  which  steam  turbine 
development  is  tending,  namely,  to  combine  in  a  single  design 
more  than  one  fundamental  method  of  working.  The  ** Union" 
turbine  is  the  most  pronounced  available  example  of  this  tendency, 
and  it  is  very  probable  that  the  near  future  will  witness  extensive 
developments  of  a  similar  sort. 

In  Fig.  221,  kindly  furnished  us  by  the  Maschinenbau-Aktien- 
Gesellschaft  Union,  is  illustrated  a  vertical  300  horse-power 
"  Union  '*  turbo-generating  set. 

Steam  Ourrent  Upwards. — ^The  steam  is  projected  against 
the  vanes  of  the  lowest  wheel  of  the  high-pressure  chamber  by 
means  of  diverging  nozzles  directed  against  the  lower  edge  of  the 
U-shaped  vanes  formed  in  the  periphery.  After  being  rejected 
from  the  lowest  wheel,  the  steam  is  successively  guided  to  the 
remaining  stages  of  the  high-pressure  section,  each  stage  of  which 
contains  one  wheel.  The  nozzles  are  shown  in  Fig.  222,  and  one 
of  the  wheels  of  the  high-pressure  end  is  shown,  Figs.  223  and  224, 
where  the  vane  construction  is  illustrated.  After  emerging  from  the 
last  wheel  of  the  high-pressure  section,  the  steam  flows  to  the  low- 
pressure  section,  which  contains  but  a  single  wheel,  provided, 
however,  with  a  number  of  rows  of  vanes,  alternating  in  position 
with  a  corresponding  number  of  rows  of  stationary  vanes  projecting 
from  the  surrounding  casing.  The  low-pressure  wheel  which  is 
illustrated  in  Fig.  225  closely  follows  the  principle  of  the  Parsons 
type,  while  the  high-pressure  wheel  resembles  the  Eateau  and 
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Fio.  225. — Low-Pressure  Wheel  of  800  Horse-power  Union  Steam  Turbine,  showing 
also  section  of  surrounding  Casing,  with  Rings  of  Stationary  Vanes.  Reproduced 
1/8*66  of  original. 
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similar  types.  It  is  interesting  to  note  that,  contrary  to  the 
plan  adopted  in  the  vertical  type  of  Curtis  turbine,  the  steam 
is  admitted  at  the  lower  end,  and  is  led  away  to  the  condenser 
from  the  upper  end  of  the  turbine  casing.  A  photograph  of 
the  turbine  wheels  of  this  300  horse-power  set  is  reproduced  in 
Figure  226. 

In  the  smaller  capacities  the  Union  turbine  is  designed  to 
utilise  the  kinetic  energy  of  the  steam  by  means  of  diverging 
nozzles,  and  in  these  designs  one  or  more  pressure  stages,  with  one 
or  more  speed  steps  per  pressure  stage,  are  employed. 

The  employment  of  the  Parsons  principle  for  the  low-pressure 
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^^^^^^J^mttjjffttflm^ji.^^^^-'^^^K 

• 

F^ 

i 

Fig.  226.— Photograph  of  Wheels  of  Vertical 
800  Horse-power  Union  Steam  Turbine. 

section  only,  as  in  the  larger  sizes  of  **  Union  "  turbine,  is,  in  the 
opinion  of  its  designers,  of  advantage,  in  that  it  considerably 
decreases  the  required  number  of  rows  of  blades.  It  is  contended 
that  the  rows  of  blades  at  the  high-pressure  end  of  the  Parsons 
turbine  contribute  but  a  relatively  small  proportion  to  the  total 
mechanical  output.  The  enormous  number  of  small  vanes  required 
in  these  sections  is  in  itself  an  objection,  and  it  would  be  expected 
to  be  difficult  to  keep  the  minute  passages  clear  from  deposits. 

In  the  Union  turbine  the  nozzles  projecting  the  steam  upon  the 
lowest  wheel  occupy  two  diametrically  opposite  sections  of  the 
periphery.  In  each  successive  wheel  the  nozzles  cover  a  greater 
portion  of  the  periphery,  and  in  the  case  of  the  last  wheel  of  the 
high-pressure  section  the  steam  is  projected  against  the  wheel  from  a 
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belt  of  nozzles  occupying  the  entire  periphery.  In  the  low-pressure 
section  the  stationary  vanes,  as  in  the  Parsons  type,  of  course 
occupy  the  entire  periphery,  the  vanes  increasing  in  radial  depth 
toward  the  low-pressure  end,  as  seen  in  Fig.  225.  A  plan  view 
of  the  300  horse-power  set  is  given  in  Fig.  227.  The  regu- 
lator is  illustrated  in  Figs.  228  to  230.  Its  operation  is  based 
upon  variations  in  the  quantity  of  the  steam,  which  is,  of  course, 
a  function  of  the  load,  and  it  controls  a  distributing  valve,  wliich 
acts  to  admit  the  steam   through  a  varying  number  of  nozzles. 


Fio.  227.— Plan  of  Vertical  300  Horee-power  Union  Steam  Turbine. 


Thus  there  is  no  throttling  of  the  steam,  and  this  contributes  to 
high  economy,  as  the  pressure  conditions,  at  least  in  the  first  stages, 
are  practically  the  same  at  all  loads. 

A  safety-r^ulator  is  also  provided  as  shown  in  Figs.  228  to  230. 
This  acts  to  close  a  quick-acting  main  steam  valve  when  the  speed 
rises  to  a  certain  point  above  the  normal.  The  operation  is  as 
follows : — 

A  block  M  is  capable  of  a  slight  movement  along  the  turbine 
shaft  by  means  of  the  pressure  of  the  projecting  arms  of  the 
weights  «,  whose  position  is  determined  by  the  centrifugal  force 
corresponding  to  the  speed.  The  upward  movement  of  M  brings 
its  conical  surface  into  engagement  with   the  rim  of  the  wheel 
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Fio.  228.— Governor  and  Safety- Regulator  of  Vertical  800  Horse-power  Union 
Steam  Turbine.    Scale,  1  inch  =  1  foot 
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segment  ft,  which,  in  turning,  brings  the  support  c  into  such  a 
position  that  the  beam  d  may  be  pulled  down  by  the  spring  as 
shown,  thus  promptly  closing  the  main  valve. 


Section  on  0  P. 
Fio.  229.— Side  Elevation  Safety  Regulator,  Fig.  228. 

The  safety-regulator  of  the  horizontal  type  of  Union  turbine  is 
shown  in  Fig.  231.  The  action  in  this  case  differs  from  that 
employed  in  the  safety-regulator  used  for  the  vertical  type,  and  is 
as  follows  : — 
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Two  weights  a  are  normally  connected  by  the  thin  steel  plate  ft. 
But  at  a  certain  speed  the  centrifugal  force  of  the  weights  breaks 
the  plate  h,  and  the  weights  fiy  out  and  release  the  detent  K.  This 
causes  the  valve  Y  to  close  instantaneously  under  the  influence  of 
the  spring/ 

Outline  drawings  of  a  50  horse-power  horizontal  shaft  Union 
turbine  are  given  in  Figs.  232  to  233,  and  a  photograph  of  this  design 
is  reproduced  in  Fig.  234  This  type  is  employed  for  all  capacities 
of  less  than  300  horse- power. 


Fio.  280.— Plan  of  Fig.  229. 


In  Table  XCII.  are  given  the  results  of  some  tests  made  in  Feb- 
ruary 1905  on  a  50  horse-power  two-stage  Union  turbine.  With  an 
absolute  admission  pressure  of  11  kilograms  |)er  square  centimetre 
and  65°  Gent,  of  superheat,  the  consumption  at  rated  full  load 
amounted  to  9*24  kilograms  per  B.H.P.  hour. 

From  300  horse-power  upwards  the  Union  turbines  are  of  the 
same  type  as  the  300  horse-power  design  already  described  and 
illustrated.  The  wheels  are  complete  discs  of  nickel  steel,  and  in 
the  case  of  the  high-pressure  wheels  the  vanes  are  cut  in  the  solid 
rim  of  the  wheel.  The  method  of  overlapping  the  vanes  is  similar 
to  that  employed  in  the  Eiedler-Stumpf  type.  This  overlapping, 
together  with  the  practice  of  polishing  the  surfaces,  contribute  to 
a  low  wheel  resistance.  The  factor  of  safety  is  from  7  to  8. 
It  is  claimed  that,  in  consequence  of  the  upward  flow  of  the  steam 
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in  the  vertical  type  of  turbine,  the  weight  of  the  rotor  is  almost 


! 

Fio.  231. — Safety-Regulator  for  Horizontal  Type  of  Union  Steam  Turbine. 
Scale,  2  inches  =  1  foot     Type  D  80. 


The  authors  are  indebted    to    the    courtesy   of    Messrs  The 
Maschinenbau-Actien-Gesellschaft   Union    of    Essen,   the    manu- 
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-^^^ 


Kio.  232, — Sections  through  50  Horse-power  'Union '  Steam  Turbine. 
f^  full  size. 
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facturers  of  the  Union  turbine,  for  kindly  placing  at  their  disposal 
most  of  the  illustrations  in  this  chapter.  Other  illustrations  and 
details  have  been  taken,  by  permission,  from  the  ZeUschrift  cles 


Fig.  234. — Photograph  of  50  Horse-power  Union  Steam  Turbine. 

Vereines  Deutscher  Ingenieure  for  June  24th,  1905,  **Dampftur- 
binen,"  p.  1046,  and  the  ZeUschrift  filr  das  Gesamte  Turhinenxoesen 
for  June  I5th,  1905,  "  Die  Union-Dampfturbine,"  p.  209. 


CHAW^ER  XIII 

A   RECAPITULATION   OF  THE   PKOPBKTIES  OF   STEAM 

The  properties  of  steam  can  be  conveniently  studied  in  con- 
nection with  Table  XCIII.  or  XCIV.  In  column  I.  are  given 
the  absolute  pressures  in  kilograms  per  square  centimetre,  ranging 
from  0*05  kilograms  per  square  centimetre  up  to  18  kilograms  per 
square  centimetre.  A  certain  temperature  corresponds  to  each 
pressure  at  which  water  evaporates.  This  temperature  is  given 
in  column  2  in  degrees  of  the  Centigrade  thermometer  scale, 
and  in  column  3  in  degrees  Centigrade  above  absolute  zero 
(-273''  C).  Table  XCIV.  gives  the  corresponding  Fahrenheit 
temperatures. 

In  all  practical  applications  of  steam  tables  and  of  steam  curves 
the  chief  interest  attaches  to  the  energy  possessed  by  the  steam 
under  various  conditions  of  pressure  and  temperature,  which  can 
theoretically  be  converted  into  work. 

Heat  in  Liquid. — Before  evaporating  at  any  fixed  pressure, 
water  must  first  be  heated  to  the  corresponding  temperature 
(t)  given  in  column  2,  and  each  kilogram  of  water  at  0'  Cent, 
requires  for  that  purpose  approximately  one  kilogram- calorie  for 
each  degree  of  temperature  above  0°  C,  Le.  approximately  as  many 
kilogram-calories  as  the  number  expressing  temperature,  given  in 
column  2.  This  amount  of  heat,  called  the  "  heat  in  the  liquid,"  or 
"  sensible  heat "  (S),  is  given  with  fair  accuracy  by  the  formula 

8  =  ^0+000002  ^c^  +  0-0000003  ^c^  [metric  units, Table  XCIII.] 
S  =  32  -  ^K+ 0000000103  (ty-  32f  [English  units,  Table  XCIV.] 

— the  subscripts  c  and  F  indicating  the  Centigrade  and  Fahrenheit 
thermometer  scales  respectively. 

Latent  Heat. — ^To  effect  evaporation  additional  energy  is 
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Table  XCIII.— (Metric  Unitb)- 

-Properties 

OF  Steam. 

Consult  thbsh  Columns  to  obtain  thm 

Temperature 

ENIRQT  in  Kg.  C.  OONTAIHID  IN  ONK  KG.  OF  STKAM. 

1 

a 

of  Saturated 
Steam. 

•c. 





__ 



Component  Parts,  t 

e.  Increaae  in 

Total  Eners 

7,  i.e.  Energy 

si 

< 

ill 

If! 

Energy  wh< 

Saturated  Steam       ^ 

to  Steam  at  60' C.       ? 

Superheat.       '     g. 

ig  one  K 

ill 

g.of 

00          iH 

contained  in  one  Kg.  of 

•  1 

lis 

If 

Water  at  O'C.  to  , 

Water  at  «'C.     i 

(Heat  In  Liquid).  { 

Water  at  f  C.  to 

Saturated  Steam 

at  r  C. 

1 

OS 

Steam  at  160'  C. 
Superheat.        , 

Col.(l) 

CoL(2) 

Col.(8) 
806 

CoL(4) 

Col.  (6) 
649 

ColJ6) 
18*2 

Col.  (7) 
182 

Col.  (8) 

Col.  (9) 

Coh  10) 

Col.  11) 
617 

Col.  (12)' 

•06 

82 

82 

W2 

681 

699 

685 

•06 

86 

809 

86 

646 

18-2 

18-2 

18-2 

682 

600 

618 

686 

•07 

89 

812 

89 

644 

18-2 

18-2 

18-2 

683 

601 

619 

687 

•08 

42 

816 

42 

642 

18-2 

18-2 

18-2 

684 

602 

620 

688 

•09 

44 

817 

44 

640 

188 

18-8 

18-3 

684 

602 

620 

688 

0-1 

46 

819 

46 

639 

18-8 

18-3 

18-8 

686 

608 

621 

688 

©•12 

49 

822 

49 

637 

18-4 

18-8 

18-8 

686 

604 

622 

^640~ 

0^14 

62 

826 

62 

634 

18-4 

W8 

18-3 

686 

604 

622 

640 

O'U 

66 

828 

66 

682 

18-6 

18-4 

18-4 

587 

606 

628 

641 

©•18 

68 

831 

68 

630 

18-6 

18-4 

18-4 

588 

606 

624 

642 

0-2 

60 

883 

60 

628 

18-6 

18-6 

18-6 

688 

607 

625 

643 

0-22 

68 

886 

68 

626 

18-6 

18-6 

18-6 

689 

607 

625 

648 

0-24 

66 

888 

66 

624 

18-7 

18-6 

18-6 

689 

606 

626 

644 

0-26 

66 

889 

66 

623 

18-8 

18-6 

18^6 

689 

608 

627 

646 

0-28 

67 

840 

67 

622 

18-8 

18-7 

18-6 

688 

608 

627 

646 

0-S 

69 

842 

69 

621 

18*9 

W7 

186 

680 

609 

628 

647 

0-86 

72 

846 

72 
76 

819 

18-9 

18-8 

18-7 

691 

610 

629 

648 

0-4 

76 

848 

616 

190 

18-8 

18-7 

691 

610 

629 

648 

0*46 

78 

861 

78 

614 

191 

18*9 

18-8 

692 

611 

680 

648 

06 

81 

364 

81 

611 

191 

19-0 

18^8 

692 

611 

680 

649 

0-6 

86 

869 

86 

608 

192 

19^0 

18-9 

608 

612 

681 

660 

0-7 

90 

868 

90 

606 

19-2 

19-1 

18-9 

694 

613 

632 

651 

©•8 

98 

366 

98 

602 

19-3 

19-2 

190 

696 

614 

633 

652 

©•9 

96 

869 

96 

499 

19-4 

19-2 

19-0 

596 

616 

684 

668 

10 

99 

872 

99 

497 

19-6 

19-3 

191 

696 

616 

686 

664 

1-2 

104 

S77 

104 

498 

19-6 

19-4 

192 

687 

617 

636 

655  ; 

14 

109 

882 

109 

480 

19-7 

19-6 

192 

698 

618 

687 

656 

1-6 

118 

386 

113 

486 

19-9 

19-6 

19-3 

699 

619 

638 

657    1 

1-8 

116 

389 

117 

483 

20-1 

19-7 

19-4 

600 

620 

640 

668 

2-0 

180 

893 

121 

481 

20-8 

19-8 

19-6 

601 

621 

641 

660    J 
662   ' 

2-2 

128 

396 

124 

478 

20-6 

19-9 

196 

602 

622 

642 

2-4 

126 

886 

126 

476 

20-7 

20^0 

19-6 

602 

623 

648 

668 

2^6 

128 

401 

129 

474 

20-9 

20^1 

19-7 

60S 

624 

644 

664 

2-8 

181 

404 

182 

472 

211 

20-2 

19-8 

604 

625 

646: 

665 

3*0 

188 

406 

134 

470 

21-3 

20-8 

19-9 

604 

626 

646 

665 

»*2 

186 

408 

186 

460 

21^6 

20-4 

20-0 

606 

626 

646 

666 

1    3^4 

187 

410 

188 

467 

21-7 

20-6 

20-1 

606 

627 

647 

667 

:  8-6 

189 

412 

140 

466 

21-9 

20-7 

20-2 

606 

627 

648 

668 

8*8 

141 

414 

142 

464 

221 

20-9 

20-3 

606 

628 

649 

669 

4-0 

148 

416 

144 

462 

22-8 

21-1 

20-4 

_606_ 

629 

660 

670 

4-6 

147 

420 

148 

460 

22-6 

213 

20-5 

607 

680 

661 

671 

6-0 

161 

424 

162 

466 

22^7 

216 

20-7 

608 

631 

662 

673 

6*6 

166 

428 

166 

468 

22-9 

21-8 

20-9 

609 

682 

664 

676 

60 

168 

481 

160 

460 

28-8 

22-1 

211 

610 

683 

666 

676 

6-6 

161 

434 

163 

448 

28-7 

22-4 

21-8 

611 

686 

657 

678 

7^0 

164 

487 

166 

446 

241 

22-7 

216 

612 

686 

668 

680 

7-6 

167 

440 

169 

448 

24-6 

23-0 

21-7 

612 

637 

660 

682 

8^0 

160 

442 

171 

441 

24-9 

23-3 

21-9 

618 

688 

661 

688 

i    90 

174 

447 

176 

487 

26-8 

23-6 

221 

614 

689 

662 

684 

iio-o 

179 

462 

181 

434 

26-7 

23-9 

22-8 

616 

641 

666 

6S6 

:iio 

183 

466 

186 

431 

261 

24^2 

22-6 

616 

642 

666 

688 

12-0 

187 

460 

190 

428 

266 

24-6 

22-7 

617 

648 

667 

680 

Il80 

191 

464 

194 

426 

26^9 

24-8 

280 

618 

645 

670 

692 

14-0 

194 

467 

197 

422 

27-8 

261 

23-8 

619 

646 

671 

684 

16-0 

197 

470 

200 

419 

27-7 

26-6 

28-6 

619 

647 

672 

686 

160 

200 

478 

204 

417 

281 

269 

28-8 

620 

648 

674 

696 

17^0 

208 

476 

207 

416 

28-6 

268 

241 

621 

649 

675 

689 

180 

206 

479 

210 

412 

28-9 

26-7 

246 

622 

651 

677 

701 

N.B.—(  denotes  the  temperature  of  saturated  steam. 
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Table  XCIII 

—(Metric  VsiTs)^c(mtinued, 

J8  TO  OBTAIN  THE  ENERGY  IN  KG.  C. 

COHBULT  THESE  COLUMt 

NECESSARY  TO 

1 

£  . 

t 

< 

RAISE  ONE  Kg.  of  STBAM  AT 

Constant  Pressure. 

Ck>mponent  Parts,  \.e.  Heat  required 
to  raise  one  Kg.  of 

Total  Energ)',  i.e.  Heat  re 
to  raise  Steam  from  one 
of  Water  at  0'  C. 

If  i^  y 

1 

louired 

6 

i| 
1^ 

3  .Q 

5a 

In 

Steam  from  50°  C.  1 

Superheat  to 
100*  C.  Superheat. 

Steam  from  100"  C. 

Superheat  to 
150*  C.  Superheat. 

Col.(l) 
•06 

Col.  (13) 

C!ol.(14) 

Col.  (16) 

Col.  (16) 

Col.  (17) 

Col.  (18) 

Col.a») 

Col.  (20) 

Col.  (21) 

82 

684 

28-7 

23-7 

28-7 

616 

640 

664 

688 

•06 

86 

681 

23-7 

28-7 

28-7 

617 

641 

665 

689 

•07 

89 

679 

28-7 

28-7 

28-7 

618 

642 

666 

690 

•08 

42 

577 

28-7 

28-7 

28-7 

619 

648 

667 

691 

•09 

'44 

576 

23-8 

23-8 

23-8 

620 

644 

668 

692 

01 

46 

575 

28-8 

288 

23-8 

620 

644 

668 

692 

012 

49 

572 

■'jLt';> 

23-8 

28-8 

621 

645 

669 

698 

014 

52 

570 

■l^V]i 

23-8 

28-8 

622 

646 

670 

694 

016 

55 

568 

'J-llI 

28-9 

28-9 

623 

647 

671 

696 

0-18 

58 

666 

'JiM> 

23-9 

28-9 

624 

648 

672 

696 

0^2 

60 

566 

._,j.j 

240 

240 

624 

648 

672 

696 

©•22 

68 

563 

■:i-\ 

240 

240 

6-26 

649 

678 

697 

0-24 

65 

561 

•:.i-i 

241 

240 

625 

649 

673 

697 

0-26 

66 

560 

■:r;j 

241 

241 

626 

650 

674 

698 

0-28 

67 

559 

•^i-yf 

24-2 

Ji41 

626 

650 

674 

696 

0-s 

69 

558 

'14  i 

24-2 

241 

627 

651 

676 

699 

0-86 

~'i 

566 

24-8 

24-2 

628 

652 

676 

700 

0(»4 

TTi 

664 

24  :< 

24-3 

24-2 

629 

658 

677 

702 

0-45 

7? 

552 

'24- V. 

24*4 

24-8 

630 

654 

678 

702 

0-6 

-1 

550 

■;j'1i 

24-5 

24-8 

631 

656 

680 

704 

©•6 

Sti 

547 

24-7 

24-5 

24-4 

683 

658 

688 

707 

0-7 

m 

544 

24-7 

24-6 

24-4 

684 

669 

684 

708 

0-8 

93 

541 

24-8 

24-7 

24-5 

685 

660 

685 

709 

0-9 

on 

589 

24-9 

24-7 

24-5 

686 

661 

686 

710 

10 

*.tii 

537 

250 

24-8 

24-6 

637 

662 

687 

711 

1^2 

104 

534 

251 

24-9 

24-7 

638 

663 

688 

718 

1-4 

100 

680 

26-2 

250 

24-7 

640 

665 

690 

716 

1-6 

113 

527 

264 

261 

24-8 

641 

666 

691 

716 

1-8 

117 

525 

25-6 

25-2 

24-9 

642 

667 

692 

717 

2-0 

121 

628 

25-8 

25-3 

260 

648 

669 

694 

719 

2-2 

124 

520 

26-0 

25-4 

26-1 

644 

670 

695 

720 

2-4 

125 

618 

262 

25-5 

251 

646 

671 

696 

721 

2-6 

129 

517 

26-4 

25-6 

26-2 

646 

672 

697 

722 

2-8 

132 

515 

26-6 

25-7 

25-3 

646 

678 

699 

724 

80 

134 

513 

26-8 

25-8 

25-4 

647 

674 

700 

725 

3-2 

186 

512 

270 

25-9 

26-6 

648 

675 

701 

726 

8-4 

188 

610 

27-2 

26^1 

25-6 

648 

676 

701 

727 

8-6 

140 

500 

27-4 

26-2 

26-7 

649 

676 

702 

728 

8-8 

142 

507 

27-6 

26-4 

25-8 

649 

677 

708 

729 

4^0 

144 

506 

27-8 

26-6 

25-9 

660 

678 

704 

730 

4-6 

148 

603 

280 

26-8 

260 

6fil 

679 

706 

732 

6-0 

162 

500 

28-2 

•27-0 

26-2 

p.rr2 

680 

707 

733 

6-6 

156 

497 

•28-4 

27-8 

26-4 

*",'''■]■ 

681 

708 

784 

60 

160 

495 

28-8 

27-6 

26-6 

*\>  i 

688 

711 

787 

6-6 

163 

493 

29-2 

27-9 

26-8 

^■.i■.^ 

684 

712 

739 

7-0 

166 

491 

29-6 

28-2 

27-0 

1  .;.1^ 

686 

714 

741 

7-5 

169 

489 

800 

28-6 

27-2 

i;fh7 

687 

715 

742 

8-0 

171 

487 

30-4 

28-8 

27-4 

fifi^ 

688 

716 

743 

90 

176 

488 

80-8 

291 

27-6 

660 

601 

720 

747 

100 

181 

480 

31-2 

29-4 

27-8 

661 

692 

721 

749 

110 

186 

477 

81-6 

29-7 

28-0 

662 

693 

728 

751 

120 

190 

474 

320 

30-0 

28-2 

668 

695 

725 

763 

130 

194 

471 

32-4 

30-8 

28-5 

666 

697 

727 

765 

140 

197 

469 

82-8 

30-6 

28-8 

666 

699 

729 

768 

160 

200 

466 

88-2 

810 

290 

667 

700 

731 

760 

160 

204 

464 

83-6 

81-4 

29-8 

668 

701 

732 

761 

170 

207 

462 

840 

81-8 

29-6 

668 

702 

734 

763 

180 

210 

460 

84-4 

32*2 

800 

669 

708 

785 

765 

N.B.— (  denotes  the  temperature  of  saturated  steam. 
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i 

Specific 

Volume 

Specific  Weight 

S 

in  Cubic  Metres 

in  Kgs.  per 

5  . 

per 

Kg. 

Cubic  Metre. 

U 

1^ 

1 

6 

^ 

d 

d 

6 

O* 

i! 

Steam  at  50* 
Superheat. 

Steam  at  100° 
Superheat. 

S" 

Si 

Steam  at  100* 
Superheat. 

|l 

Col.  (1) 

Col.  (22)_ 

Col.  028) 

Col.  (24) 

Col.  (25) 

Col.  (26) 

Col.  (27) 

Col.  (28) 

Col.  (29) 

•05 

28- 

384 

88-2 

428 

•0867 

•08 

•0282 

•0234 

•00 

24-1 

281 

321 

362 

•0416 

•0856 

0812 

•0777 

•07 

20-8 

248 

27-7 

81*6 

•048 

•0412 

•0862 

•0817 

•08 

18*0 

21*4 

24*5 

27*4 

•056 

•0468 

-0409 

•0366 

•    -09 

16-7 

19*2 

21-8 

24-5 

•060 

•0621 

•046 

•0406 

01 

15-0 

17-3 

19-70 

22*0 

•066 

•0676 

•0608 

•0456 

0-12 

12-3 

14*6 

16-6 

18*6 

•0813 

•0686 

•0606 

•0642 

0-14 

10-8 

126 

14-8 

159 

•0925 

•0796 

•070 

•<168 

016 

9-5 

111 

12-6 

14*0 

•106 

•0902 

•0796 

•0714 

0*18 

8-5 

994 

11-3 

12*8 

•117 

•1008 

•0885 

•0814 

0-2 

7-78 

8-97 

10-1 

US 

•180 

•1116 

•0985 

•0885 

0-22 

7-15 

826 

983 

10-4 

•140 

*1215 

•107 
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8-54 

3*80 

8*02 

9  0 

-215 

■244 

270 

•296 

463 

4-10 

8*71 
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Table  XCIV.~ (English  Units). 
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1888 

;    800 

891 

818          e7*6 

56*5 

61 -0 

1209 

1277 

1888 

1884 
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Tabls  XCI  v.— English  Units — continued. 


ixn.    Lbs.  per 
In. 

Specific  Volume. 

Cubic  Feet  per 

Spedflc 

Weight 

Lb.  per  Cubic  Foot 

1  Lb.  of  Steam  at 

of  Steam  at 

1* 

^ 

'^ 

^ 

^ 

^ 

S 

PnJ 

^J 

^i 

s 

PnJ 

^J 

P^'l 

1 

l| 

II 

1 

|| 

l| 

^1 

Col.(l) 

Col.  (22) 

CoL(28) 

Col.  (24) 

Col.  (25) 

Col.(2«) 

Col.  (27) 

9^(28) 

Col.  (29). 

•  M) 

688 

762 

881 

1001 

0-00158 

0*00181 

0-00114 

•-00100 

0-7* 

488 

517 

597 

676 

0-00281 

0*00198 

0-00167 

0*00148 

100 

880 

894 

454 

518 

000808 

000254 

0-*0220 

0-00196 

lf6 

267 

819 

867 

414 

0-00874 

0-00813 

0-00272 

0-00242 

I'BO 

226 

268 

806 

848 

0-00448 

0*00878 

0*00825 

0*00287 

1-76 

195 

282 

266 

800 

0-005111 

0*00431 

0-00876 

0-00888 

2-00 

172 

204 

284-0 

264 

0-00581 

0-00190 

0*00427 

0*00879 

2-26 

151 

188 

209 

286 

0-00664 

0*00547 

0-00478 

«*00428 

2-W 

140 

165 

189 

218  0 

0-00717 

0*00606 

0*00529 

0*00469 

2-76 

128 

151 

178 

194-4 

0*00784 

0*00662 

0*00578 

0-00518 

'800 

118 

189  ~ 

159-0 

178-8 

0-00850 

0*60719 

0-00629 

0-b0559 

8*6 

102 

120 

187-2 

164-8 

»-0098S 

0-00A88 

000780 

0-00649 

4-0 

89-8 

106-0 

120-9 

186*8 

0-01114 

0-00958 

0-00827 

0-00787 

4-6 

80-8 

94-8 

108-0 

121-8 

0-01245 

0-01058 

0*08926 

0-00626 

6 

72  8 

85-8 

97-7 

109-7 

0-01874 

0-01166 

0*01028 

0-00912   ' 

6 

61*8 

72-2 

82-2 

92-1 

0-01680 

0-01884 

0-01217 

0-01086 

7 

58-0 

62-5 

71-0 

79-5 

001885 

0*01608 

0-01408 

0*01258 

8 

46-8 

65-1 

62-6 

70-0 

0*0214 

0-01816 

0-01600 

0-01429 

0 

41-9 

49-8 

55-9 

62-6 

0-0289 

0-0208 

0-0179 

0-01600 

10 

87-9 

44-6 

50-6 

66-5 

0-0263 

0-0224 

0*0197 

0-01770 

12 

8iO 

87-6 

4i-5 

47-5 

P-0318 

0*0266 

0-0285 

0-0210 

14 

27-7 

82-5 

86-8 

41-0 

C-0361 

0*0808 

0*0272 

0-0944 

1« 

24-4 

28-7 

82-4 

86*1 

00410 

0*0849 

0*0809 

o-02n 

18 

21-8 

25-6 

290 

32-3 

0-0458 

0  0890 

00845 

00810 

20 

19-79 

28-2 

26-2 

29-2 

0-0505 

0-0481 

0*0882 

0-0342 

92 

1810 

M-2 

28-9 

26-6 

0-0558 

00471 

0-0418 

0-0876 

24 

16-67 

19-56 

220 

24-5 

0*0600 

00511 

0-0465 

0-0408 

26 

15-47 

1813 

20-4 

22-7 

0-0646 

0-0552 

0-0490 

0-0440 

28 

14-48 

16-90 

19-03 

21-2 

00693 

00692 

0-0526 

0-0473 

80 

13-52 

15-84 

17-82 

19-8 

0*0789 

0-0682 

0*0562 

0-0605 

25 

U-70 

18-69 

15-89 

1710" 

0-0865 

0-0730 

0-0649 

0-05K5 

40 

10-82 

12-06 

18-66 

15-05 

00969 

0-0785 

0-0667 

45 

9-24 

10-79 

1212 

18-44 

0-1082 

0*0926 

0-0826 

0-0746 

50 

8*87 

9-77 

10-96 

12-15 

01195 

01024 

0-0909 

0-0820 

55 

7-65 

8-92 

1000 

1109 

01807 

0-1121 

0-100' 

0*0901 

60 

7-05 

8-21 

9-20 

10-20 

01418 

01218 

0-1087 

00980 

65 

6-54 

7-61 

8-52 

9-44 

0*1529 

0  1814 

01174 

0*1059 

70 

610 

7-09 

7-94 

8-79 

01689 

0-1410 

01259 

0*1188 

75 

5-72 

6-64 

7-43 

8-28 

0*1749 

0-1506 

0*1846 

0*1216 

80 

5-88 
5-08 

6-24 
5-88 

6-98 
6-59 

7-73 

01858 
01967 

0-1608 
0-1701 

0*1483 

0-1294 
01872 

85 

7-29 

01617 

00 

4-82 

6-57 

6-23 

6-90 

0*208 

0  180 

0*16(5 

0  1449 

95 

4-68 

5-29 

5-92 

6-54 

0-218 

01890 

0-1689 

0*1529 

100 

4-86 

6-08 

5-68 

6-23 

0-229 

01988 

01776 

01606 

110 

8-99 

4-59 

5  13 

567 

0*251 

0-219 

0-1949 

0*1764 

120 

8-68 

4-22 

4-71 

5-21 

0-272 

0-237 

0-212 

0*1919 

180 

8-41 

3-90 

4-86 

4-82 

0-293 

0-256 

0-229 

0-207 

140 

818 

8-63 

4-05 

4-48 

0-314 

0-275 

0-248 

0  223 

160 

2-98 

8-89 

8-79 

419 

0-886 

0-295 

0-264 

0-289 

160 

2-86 
2-65 

8-18 
300 

3-56 
"8-35' 

3-93 
3-70  ' 

0-856 
0-377 

0814 

0*281 
0-299 

0*254 
0^70 

170     - 

0  838 

180 

2-51 

2-83 

8  17 

3-50 

0-898 

0358 

0-315 

0*286 

190 

2-89 

2-68 

800 

3-31 

0-419 

0-873 

0-338 

0-802 

200 

2-28 

2-56 

2-85 

8-16 

0-439 

0-392 

0-850 

0*817 

210 

2-17 

2-48 

2-71 

3  00 

0-460 

0-412 

0-869 

0-888 

220 

2-10 

2-82 

2-59 

2-86 

0-480 

0-431 

0-886 

0-850 

280 

1-996 

2-21 

2-47 

2'73 

0-501 

0-452 

0-404 

0-866 

240 

1-918 

212 

2-87 

2-62 

0-521 

0-472 

0  422 

0-382 

250 

1-846 

2-08 

227 

2-51 

0-542 

0-498 

0-441 

0-898 

260 

1-779 
"1-717 

1-954 
1-880 

218 
210 

2-41 

0-562 

0-518 

0-469 
0-476 

0-415 
0*481 

270 

2-32 

0-5»^2 

0-532 

280 

1-659 

1-810 

2-02 

2-24 

0-608 

0-553 

0-495 

0*446 

290 

1-606 

1-746 

1-961 

216 

0-628 

0-671 

0-618 

0*468 

800 

1-555 

1*685 

1-884 

2-08 

0*048 

0-592 

0*682 

0-481 
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required,  called  the  "  latent  heat "  (L).  This  is  made  up  of  two 
distinct  components:  first,  that  part  required  for  evaporation 
(internal  latent  heat,  L<) ;  second,  that  part  required  to  overcome 
the  mechanical  work  of  expanding  during  evaporation  against 
pressure,  from  the  volume  of  water  up  to  the  volume  of  saturated 
steam  (external  latent  heat,  L^). 

The  latter  component  amounts  to  only  from  6  per  cent,  to 
10  per  cent  of  the  total,  but  nevertheless  it  is  of  importance  to 
carefully  distinguish  between  the  energy  that  is  required  in  order 
to  obtain  a  kilogram  of  steam  at  a  given  pressure,  and  the  slightly 
less  amount  of  energy  existing  in  a  kilogram  of  steam  at  that 
pressure.  For  this  purpose  we  have  in  Tables  XCIII.  and  XCIV. 
given  two  distinct  groups  of  columns.  Columns  4  to  12,  Table 
XCIII.,  show  the  energy  existing  in  one  kilogram  of  steam  in 
excess  of  that  existing  in  one  kilogram  of  water  at  0**  Cent., 
and  columns  13  to  21  show  the  energy  necessary  to  produce  one 
kilogram  of  steam  from  one  kilogram  of  water  at  0°  Cent,  in 
kilogram  degree  calories. 

Table  XCIV.  gives  in  columns  4  to  12  the  energy  existing 
in  one  pound  of  steam  in  excess  of  that  in  one  pound  of  water 
at  32°  F.,  and  columns  13  to  21  show  the  energy  necessary  to 
produce  one  pound  of  steam  from  water  at  32''  F.,  all  in  British 
thermal  units. 

Let  us  first  consider  the  columns  giving  the  energy  existing  in 
a  kilogram  (or  a  pound)  of  steaxn.  In  column  4  the  heat  in  the 
water  just  prior  to  vaporisation  is  given  in  terms  of  the  kilogram- 
degree  calories  per  kilogram, — Table  XCIII.  (in  B.Th.U.  in  Table 
XCIV.).  This  differs  at  the  higher  temperatures  by  about  2  per 
cent,  from  the  temperature  of  water  in  degrees  Centigrade  above 
0°  of  that  scale,  and  at  lower  temperatures  by  a  considerably 
smaller  percentage. 

The  whole  amount  of  the  latent  heat,  L  =  L,-|-L„  is  given  in 
column  14. 

Internal  Latent  Heat. — The  large  additional  amount  of  energy 
Li  imparted  to  the  steam  during  vaporisation  is  given  in  column  5. 
It  may  be  calculated  by  Zeuner's  approximate  formula, 

Li  =  575-4- 0*791  tc  [metric  units]. 
Li  =  1062- 0-79  ^K  [English  units]. 

Steam  and  Water. — Let  us  now  consider  the  intermediate 
condition  in  which  only  a  part  of  the  water  is  evaporated.     Suppose 
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that  90  per  cent,  of  the  total  water  is  in  the  form  of  steam,  the 
remaining  10  per  cent,  still  being  liquid.  The  steam  may  be  said 
to  have  10  per  cent,  of  moisture,  or  to  have  a  wetness  factor  a;= 0*1. 
It  is  clear  that  in  such  a  mixture  the  energy  is  equal  to  the  heat 
in  the  liquid  plus  0*9  of  the  heat  of  vaporisation  of  the  whole 
quantity, 

S+(l-aj)L,  =  S  +  0-9L,. 

The  Convertible  Energy  in  Saturated  Steam.— For 
column  9,  the  values  in  columns  4  and  5  have  been  added  together, 
thus  giving  the  energy  existing  in  one  kilogram  of  saturated  steam. 
It  can  also  be  considered  as  the  difiference  between  the  total  heat, 
H,  and  the  external  latent  heat,  L, : 

Total  Heat. — The  total  heat,  H,  in  column  18,  is  the  heat 
energy  necessary  to  raise  one  unit  of  weight  of  water  from  freezing 
point  up  to  saturated  steam  at  a  definite  pressure  and  corresponding 
temperature.    This  is  given  by  the  approximate  equations, 

H  =  606*5 -I- 0*305  tc  [in  kilogram  calories]. 
H  =  1082  +  0-305  h  [in  B.Th.U.]. 

Superheating. — As  soon  as  the  water  has  been  completely 
evaporated,  any  additional  supply  of  energy  raises  the  temperature 
of  the  steam,  assuming  the  pressure  is  kept  constant.  This  brings 
us  to  what  is  known  as  the  region  of  suj)erheated  steam.  During 
the  last  few  years  the  subject  of  superheated  steam  has  come  into 
great  prominence,  and  its  properties  are  of  extreme  interest.  Of 
the  additional  energy  required  at  constant  pressure  to  raise  the 
temperature  of  saturated  steam,  one  part  is  necessary  to  provide 
the  energy  for  overcoming  the  external  pressure.  This  constitutes 
about  22  to  24  per  cent,  of  the  total  additional  energy.  The 
remaining  78  to  76  per  cent,  serves  to  increase  the  available 
internal  energy,  i.e.  to  increase  the  temperature  of  the  steam. 
The  total  additional  energy  per  kilogram  of  superheated  steam  is 
equal  to  the  specific  heat  at  constant  pressure,  Cp,  multiplied 
ty  t'—t,  the  difference  in  temperature  of  the  superheated  steam, 
t\  and  of  the  saturated  steam,  t^  where  Cp  may  be  taken  from  Fig. 
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235.    Three  curves  of  Fig.  235  have  been  plotted  by  the  formula 
proposed  by  Professor  Callendar.^    This  formula  is  as  follows : — 


Cp  =  0-477  + 0093  (^)¥^. 


Gp  =  specific  heat  at  the  constant  pressure,^. 
^  =  absolute  pressure  in  Kgs.  per  sq.  cm. 
T  =  273  +  ^  =  absolute  temperature  (Centigrade). 

For  Table  XCIV.,  in  English  units,  the  following  formula  has 
been  used: — 

0^=0-477 +  0-00654  (^*^)^  p. 

Tp=:  459*4 +^p= absolute  Fahrenheit  temperature. 
^p= temperature  of  the  superheated  steam  on  Fahrenheit  scale. 

The  Curve  C^,  Fig.  235,  has  been  plotted  (for  comparison  with 
Cg)  by  the  formula  proposed  by  Professor  linde  (see  footnote, 
page  352)  :— 

C=j7^|B  +  3;>(l  +  a;.)^(^7} 

T  is  absolute  Centigrade  temperature ;  J  is  Joule's  mechanical 
equivalent  of  heat  =  427;  p  is  pressure  in  kgs.  per  square  metre  \ 
7^=4-232;  B  =  4710;  a  =  0*000002;  C  =  0031. 

Professor  Lorenz  gave  a  simpler  formula,  which  we  have  not 
used  here,  in  Zeitschr.  d,  Vereines  deutsch,  Ingeniewre,  1904,  p.  700 : 

Cp= 0-43 +  3,600,000  ^  [in  metric  units]. 

The  total  heat  of  superheated  steam  is 
H'  =  H+Cp(^-0. 

The  energy  used  in  overcoming  external  pressure  during  super- 
heating can  be  calculated  in  the  same  way  as  for  saturated  steam. 

The  external  latent  heat  is  calculated  by  the  formula — 

^      J 
Here  p  is  pressure ;  u  is  the  increase  in  volume ;    and  J  is 
Joule's  mechanical  equivalent  of  heat. 

^  Professor  Callendar  proposed  this  formula  in  a  paper  read  before  the 
Royal  Society  (Proc  Royal  Society,  November  14th,  1900).  The  formula  has 
also  been  used  by  Professor  Dr.  Mollier  for  his  steam  curves  and  tables,  which 
have  just  been  published  in  Berlin  by  Messrs  Julius  Springer.  Dr  Mollier's 
curves  form  a  very  desirable  supplement  to  any  work  on  steam  turbines. 
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Specific  Weights  and  Volumea— The  specific  weight  of 
saturated  steam  is  given  approximately  by  Zeuner  by  the  following 
equation : — 

y= specific  weight  in  kg.  per  cu.  m.,  and  /?  =  the  pressure. 


If  the  pressure  is  given  in  kgs.  per  sq.  cm., 


o  1  V         5         1  ^»         TT 

^b5.r^essutt/^/7€r3(f.  cm. 

Fig.  285.  —Specific  Heat  of  Superheated  Steam. 

Canre  C„  Specific  Heat  at  50*"  0.  Superheat  (Callendar). 
Curve  C2,  Specific  Heat  at  100''  0.  Superheat  (Callendar). 
Curve  Cs,  Specific  Heat  at  160"  C.  Superheat  (CaUendar). 
Curve  C4,  Specific  Heat  at  100**  C.  Superheat  (Linde). 


a  =  0-5877;  w  =  0-9393;  y=l^.  per  cu.  m. 

If  the  pressure  is  given  in  lbs.  per  sq.  in., 

a  =  000303  ;  n  =  09393;  y  =  lbs.  per  cubic  foot. 

The  volume  is  then  v  =  - 

Y 


tso 
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Specific  Weights  and  Volumes  of  Superheated  Steam. 

The  volume  of  superheated  steam  is  for  practical  purposes 
correct  enough  if  calculated  by  the  formula  given  by  Tumlirz.^ 

^  =  0-00471  T  -  0-016  jt?.  (in  metric  units). 
t;= volume  in  cu.  m.  per  kg. 
p  =  absolute  pressure  in  kgs.  per  sq.  cm. 
T= absolute  temperature  on  the  Centigrade  scale. 

pv  =  0-5963  T- 0-2563  jp.  (in  English  units). 
t^= volume  in  cu.  feet  per  lb. 
p  =  abs.  pressure  in  lbs.  per  sq.  in. 
T=abs.  temperature  on  the  Fahrenheit  scale. 

We  note  also  the  formula  given  by  Linde,*  which  shows  the 
influence  of  the  variable  specific  heat : — 

pi;  =  0-00471  T-p  (1  +  0-000002  j?)  foOSl  (^^  ^Q'QQb2\ 

when  p,  t7,  and  T  are  in  metric  measures.     In  English  measures 
linde's  formula  is — 

i9i;  =  0-5963T- 16-02  p(l  +  0-000000141jt?)r003l(^'''J;'^y 

On  pages  344  and  347  are  given  the  specific  weights  and  the 
specific  volumes  of  saturated  and  superheated  steam,  for  all  usual 
pressures  and  superheats  up  to  150°  G  and  300''  F.  It  is  interesting 
to  note  that  the  specific  weight  of  saturated  steam  increases  very 
nearly  in  proportion  to  the  pressure.*    Thus — 

Abs.  pressure =0-1  Kg.  per  sq.  cm.    Spec,  weight =0'067  Kg.  per  cub.  metre.  , 


Abs.  pressure  =  1*0  Kg.  per  sq.  cm. '  Spec,  weight =0*587  Kg.  per  cub.  metre. 
Abs.  pressure =10  K^.  per  sq.  cm.   Spec,  weight =6 -11  Kg.  per  cub.  metre. 


The  specific  volume  of  wet  steam  can  be  taken  as  approximately- 
Specific  volume  J5^  (1  —  xyo, 

^Tumlirz,  SitzungsberuhU  der  kX  Akad,  d,  Wistenschafien  Maih,'NcUurw. 
Kl.  JFim,  1899,  Ila,  page  1058. 

^  R.  Linde,  "  Die  thermischen  Eigenschaften  des  gesattigten  und  des  liber- 
hitzten  Wasserdampfes  zwischen  100*  und  180',"— Heft  21,  der  MiUheilungen 
uber  FortchungsarbeUen^  or  Zeitschr.  d.  Vereines  detUsch,  Ing.,  1905,  Oct 
21  and  28,  page  1745. 

'  According  to  Zeuner,  it  varies  approximately  as  the  0*939  power  of  the 
absolute  pressure. 
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where  x  is  the   wetnees   factor  and  v  the  specific  volume  of 
saturated  steam. 

Without  going  into  the  theory  of  thermodynamics,  a  few 
instances  may  be  given  to  illustrate  the  behaviour  of  steam  under 
various  conditions.  In  accordance  with  the  law  of  the  conserva- 
tion of  energy,  we  know  that  when  one  kilogram  of  steam  has 
been  brought  from  one  state  into  another,  no  energy  has  been 
created  or  annihilated.  If  the  total  energy  belonging  to  one 
kilogram  of  steam  in  the  second  state  is  larger  than  in  the  first 
state,  there  must  have  been  an  input  of  energy  from  some  external 
source ;  and  if  lower,  energy  must  have  been  liberated,  that  is  to 
say,  given  up  to  some  other  object,  or  changed  in  form.  For 
instance,  one  kilogram  of  saturated  steam  before  expanding  in  an 
engine  may  have  an  absolute  pressure  of,  say,  13  kilograms  per 
square  centimetre,  and  when  leaving  the  engine  a  pressure  of,  say, 
0*3  kilogram  per  square  centimetre  and  a  wetness  factor  of  0*4. 
From  Table  XCIII.  we  find  that  before  expanding  the  kilogram  of 
steam  contained  618  kilogram-calories  of  energy,  and  when  leaving 
the  engine  only  69  +  (0*6x521)  =  382  kilogram-calories.  There- 
fore in  the  engine  itself  the  steam  must  have  given  up  an  amount 
of  energy  equal  to  618  —  382  =  236  kilogram-caloriea  If  the 
steam,  when  entering  or  when  leaving,  had  an  inappreciable  speed, 
we  should  not  have  to  add  to  the  above  value  the  mechanical 
energy  due  to  the  velocity  of  the  steam,  i.e,  the  kinetic  energy. 
For  instance,  in  the  above  case  the  speed  during  expansion  in  the 
cylinder  behind  the  piston  will  be  negligible,  but  during  exhaust 
from  the  cylinder  it  n>ay  amount  to  300  metres  per  second. 
In  this  case  the  energy  in    the  steam  when  leaving  would    be 

382  +  (^^^^1,  ^  -1;  =  382  + 10-7  =  393  kilogram-calories. 
\2x  9*8 1/427 

The  energy  given  up  by  one  kilogram  of  steam  during  expansion 
in  the  cylinder  is  therefore  in  this  case  equal  to  618  —  393  =  225 
kilogram-calories. 

It  must  be  carefully  understood  that  this  law  does  not  tell 
us  what  has  become  of  the  236  or  225  kilogram-calories  that  have 
been  given  up  by  the  steam.  It  may  have  been  converted  either 
into  mechanical  energy  or  into  heat.  It  is,  however,  the  purpose 
of  a  steam  engine  or  a  steam  turbine  to  convert  as  much  as 
possible  of  the  original  energy  available  in  the  steam  into 
mechanical  energy.  From  this  point  of  view  we  must  ascertain 
the  law  according  to  which  the  energy  available  in  the  steam  can 

be  converted  into  mechanical  energy. 

23 
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For  this  purpose  let  us  picture  to  ourselves  an  experiment  in 
which  steam  is  transformed  from  one  state  in  which  it  has  a  given 
amount  of  internal  energy,  into  another  state  in  which  it  has  a 
less  amount.  Let  the  conditions  be  such  as  to  prevent  any  of  the 
energy  being  given  up  as  heat.  We  thus  have  the  conditions 
necessary  for  studying  the  process  of  converting  internal  energy 
into  mechanical  energy,  as  we  have  cut  off  all  other  ways  in  which 
the  internal  energy  of  the  steam  can  be  transformed.  The 
experiment  could  be  of  the  following  nature: — 

In  a  closed  cylinder,  the  sides  of  which  are  of  non-conducting 
material,  a  kilogram  of  saturated  steam  has  an  absolute  pressure 
of  p  kilograms  j)er  square  centimetre  and  a  volume  of  v  cubic 
metres. 

Let  us  now  permit  the  piston  to  move  under  the  influence  of 
the  pressure,  the  volume  increasing  to  v^.  The  work  done  by  the 
steam  in  moving  the  piston  is  mechanical  energy.  We  shall  in 
this  experiment  find  that  part  of  the  steam  in  the  cylinder  has 
been  condensed,  that  is  to  say,  the  steam  has  become  wet  steam. 
The  pressure  has,  of  course,  also  decreased.  As  a  rough  approxi- 
mation, we  may  say  that  if  the  volume  of  the  saturated  steam  has 
increased  in  the  above  experiment  by  1  per  cent,  the  pressure  has 
decreased  1*1  per  cent.,  that  is,  the  pressure  falls  at  a  slightly 
higher  rate  than  the  volume  increases.  The  exact  relation  between 
the  two  factors  is — 

k 
pv  =  constant,  where 

k^l'lSb-Q'lx 

(a;=the  wetness  factor). 

This  can  be  approximately  shown  by  reference  to  Table  XCIIL 
Suppose  we  have  saturated  steam  at  an  absolute  pressure  of  10 
kilograms  per  square  centimetre,  and  let  it  expand  in  the  cylinder 
described  above  to  9  kilograms  per  square  centimetre,  the  total 
mechanical  work  done  is  approximately  proportional  to  the 
increase  in  volume  multiplied  by  the  mean  pressure  during  the 
expansion.  At  10  kilograms  the  energy  in  the  steam  was  615,  at 
9  kilograms  it  is  614— ;^x437,  where  x  denotes  the  wetness 
factor. 

The  total  energy  that  has  been  lost  in  expanding  from  10 
kilograms  to  9  kilograms  per  square  centimetre  is  therefore 

l+437a:. 

The  volume  at  10  kilograms  per  square  centimetre  was  0195, 


RECAPITULATION  OF  PROPERTIES  OF  STEAM      355 

and  at  9  kilograms  per  square  centimetre  it  is  (1  — aj)0'215  cubic 
metres.     The  increase  in  volume  is  therefore 

(0-020 -0-215ic)  cubic  metres; 

and  as  the  mean  pressure  can  be  taken  equal  to  9*5  kilograms  per 
square  centimetre,  the  total  work  done  is  equal  to 

9-5  X  (0-020  -  0-215ic)  x  10,000  metre  kilograms 
=  (019~205a:)  10,000  metre  kilograms 

=  (O-19-y  0,000  yiog,,^.ealorie8 

=  (4-45  —  48aj)  kilogram-calories. 

As  we  know  that  in  no  other  way  can  the  energy  have  been 
decreased,  the  reduction  of  energy  existing  in  the  steam  must 
equal  the  mechanical  work  done,  therefore — 

l+437ic=4-45-4a« 

x=||J  =  0-0071 

Therefore,  by  adiabatic  expansion  (i.e.  by  expansion  without 
heat  being  supplied  or  taken  away)  of  saturated  steam  from  10 
kilograms  per  square  centimetre  to  9  kilograms  per  square  centi- 
metre, 07  per  cent,  of  steam  has  been  condensed,  4'45  — 48x 
00071  =4-11  kilc^ram-calories  have  been  converted  into  mechanical 
energy,  and  the  volume  has  increased  from  0*195  by  0'020  — 0*215 
X 00071  =  0-0185  cubic  metres  to  0*2135  cubic  metres. 

The  formula  jpi?*  =  constant  leads  to  practically  the  same  result. 

At  10  kilograms — 

pi;*  =  10x0195  ^^^^  =  1-564 

;.,.^  =  9x.,l-1^5-^-1^0*0071^1.,6, 

Vi  =  0*2139  (instead  of  0*2135  as  before). 

For  superheated  steam  a  similar  relation  exists  between 
pressure  and  volume.  The  factor  k  in  the  formula  ^  =  constant 
has,  however,  the  value  1*3  instead  of  1*135  for  saturated  steam. 

A  few  simple  examples  worked  out  will  be  sufficient  to  give  a 
student  some  insight  into  the  behaviour  of  steam  in  steam  engines 
and  in  steam  turbines. 

Let  us  consider  a  steam  engine  without  friction  in  its  moving 
parts,  without  radiation  and  without  heat  being  taken  up  by  the 
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Hides  of  the  cylinder  or  by  the  piston.  Let  us  also  assume  that  the 
pipes  between  boiler  and  engine  are  of  so  large  a  section  as 
not  to  cause  any  decrease  of  pressure  during  the  passage  of  the 
steam.  Let  the  cylinder  be  of  such  dimensions  that  the  weight 
of  the  contained  steam  at  the  moment  of  cut-off  is  1  kilogram. 
The  absolute  pressure  is  p  kilograms  per  square  centimetre.  If 
V  is  the  volume  of  1  kilogram  of  saturated  steam  at  the  pressure 
Py  then  it  is  clear  that,  up  to  the  point  of  cut-off,  the  piston  has 

moved  through  a  distance  of -^  metres,  where  F  is  the  area  of  the 

piston  in  square  metres.  The  total  force  acting  through  that 
distance  is,  if  we  neglect  for  the  moment  the  counter-pressure, 
10,000  F.p  kilogram,  therefore  the  total  work  done  is 

-»  1 

^  X  10,000  Fp=    0,000  pv  (metre  kilograms) 

F 

=  23*4^  kilogram-calories. 

Suppose  the  steam  to  be  saturated  and  ^  =  10  kilograms 
per  square  centimetre.  Then  v  =  0*195  cu.  m.,  and  the  work 
done,  up  to  the  point  of  cut-off,  is  23'4x  10  x  0195  =  46  kilogram- 
calories. 

Therefore  the  total  energy  available  in  the  steam  when 
entering  is  the  internal  energy,  to  be  obtained  from  column  9  of 
Table  XCIIL,  plus  the  work  done  up  to  the  point  of  cut-off, 
provided  that  no  decrease  of  pressure  takes  place  up  to  that  point. 
We  find  this  total  energy  to  be  615+46  =  661  kilogram-calories. 
This  is  precisely  the  amount  of  energy  necessary  to  raise  the 
steam,  as  given  in  column  18,  Table  XCIII.  Therefore  we  see  that 
while  at  the  commencement  of  the  admission  to  the  cylinder  the 
amount  of  energy  necessary  to  produce  steam  of  the  prescribed 
conditions  of  pressure  and  temperature  was  available,  at  the  point 
of  cut-off  there  is  available  only  the  less  amount  of  energy  given  in 
columns  4  to  12,  and  this  is  the  total  amount  of  energy  then 
existing  in  the  steam.  We  might  examine,  in  exactly  the  same 
way  as  before,  the  work  done  during  expansion,  as  we  have  here, 
in  accordance  with  our  original  assumption,  the  condition  that  none 
of  the  energy  can  be  converted  into  heat.  Let  us,  however,  use 
the  shorter  method,  and  employ  the  formula 

^= constant  (A;  =  l*135  — O'la:). 

If  the  steam,  which  at  cut-off  is  at  an  absolute  pressure  of  10 
kilograms  per  square  centimetre,  expands  to  five  times  its  original 
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volume  before  leaving  the  cylinder,  we  should  conclude  that  p  has 
decreased  to   -—  times  its  original  pressure,  i.e.  to  1*6  kilograms 

per  square  centimetre.  The  work  done  during  this  time  is  68 
kilogram-calories,  as  may  be  found  by  calculating  p{^v)  ^  step-by- 
step,  or  by  plotting  p  as  a  function  of  t;,  and  taking  the  area  between 
the  curve  of  p  and  the  abscissae,  or,  better  still,  by  integrating  the 
differential  pxdv.  There  are  very  ingenious  ways  of  obtaining 
these  results  directly  from  tables,  but  space  will  not  permit  us  to 
further  discuss  this  part  of  the  subject.  We  see  that  the  total 
energy  converted  into  mechanical  work  is  46 -f- 68  =  114  kilogram- 
calories,  provided  that  no  counter-pressure  exists.  It  is,  however, 
clear  that  if  the  engine  were  working  non-condensing,  the  exhaust 
pressure  would  be  slightly  more  than  1  kilogram  per  square 
centimetre,  and  we  should  have  to  subtract 

103  X  5  X  0195  X  10,000  m.kg. 


counter-pressure,      volume  of  cylinder. 

=  10,000  metre  kilograms  =  23  kilogram-calories.     Therefore  the 
total  work  done  would  be 

1 14 — 23  =  91  kilogram-calories. 

If,  by  means  of  a  condenser,  the  exhaust  pressure  is  reduced  to, 
say,  0*1  kilogram  per  square  centimetre,  the  total  energy 
converted  into  mechanical  energy  is 

1 14— 2  =  112  kilogram-caloriea 

In  both  cases  it  is  clear  that  more  work  might  have  been 
obtained  from  the  steam  by  letting  it  expand  to  the  exhaust 
presaure,  ie.  in  the  first  case  to  1*03  kilogram  and  in  the  second 
to  01  kilogram.  This  would,  in  the  first  case,  have  led  to  a  slight 
increase  in  the  amount  of  mechanical  energy  obtained,  and  in  the 
second  case  to  a  very  great  increase.  It  can  be  shown,  then,  that 
the  amount  of  mechanical  work  obtained  is  exactly  equal  to  the 
difference  between  the  energy  necessary  to  raise  the  steam  to  its 
condition  when  entering  and  the  energy  necessary  to  raise  the 
steam  to  its  condition  when  leaving. 

The  same  law  holds  good  in  steam  turbines,  provided  that  here 
also  no  losses  take  place.  But  the  energy  which,  in  the  case  of 
the  steam  engine,  is  converted  directly  into  mechanical  work,  is  in 
^Ai;= increase  of  volume. 
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the  case  of  a  de  Laval  nozzle  first  converted  into  kinetic  energy  of 
the  steam.  For  instance,  in  the  case  of  saturated  steam  entering 
at  a  pressure  of  10  kilograms  per  square  centimetre  and  leaving  at 
1  kilogram  per  square  centimetre,  the  mechanical  work  obtained 
would  be  approximately  90  kilogram-calories  per  kilogram  of  steam. 
Therefore  the  speed  of  the  steam  can  be  obtained  from 

Velocity«_QQ     .27 

Velocity  =  868  metres  per  second. 

It  is  evident   that  this  calculation  may  also  be  applied  to 


£jtiaj/stfye  fi5(/re  tfps.ptrbq. 


cm 


Fio.  236. — Theoretical  Consumption  of  tlie  Perfect  Machine.     Kgs.  per  H.F.H. 

(Metric  Units). 

See  Appendix  for  Table  of  Equivalents  in  Kgs.  per  K.  W,H, 


any  admission  pressure,   whether  the  steam  \&  saturated,  super- 
heated, or  wet ;  also  to  any  back  pressure. 

Professor  Rateau  gave  in  his  paper  "Different  Applications 
of  Steam  Turbines,"  Chicago,  1904  (Proceedmffs  Institution  of 
Mechanical  Engineers)^  the  theoretical  consumption  of  the 
perfect  machine  in  the  following  empirical  formula  for  use  when 
the  steam  is  saturated  and  dry  at  admission  : — 
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ir     A  OK  .  6-95 -0-92  log  P.      ,.        ..  v 
K  =  0*85  +  —. — - — = — ^—  (metric  units) 
logP-logp 

IT     0  19  I  16-20 -2-05  log P,,-,     ,.  ,       .^  . 

K=  2  13+  — ,  -  ,- — = ^— >  (liiiglish  units). 

log  P  — log/? 

Metric  Units.  English  Units. 

K  =  consumption  per  H.P.Hour     in  kgs.  in  lbs. 

P = absolute  admission  pressure     „  kgs.  per  sq.  cm.  „  lbs.  per  sq.  in. 

p=      „       exhaust 


E.rhdLUsl  Pr€^burt  L63.ner3q.hch. 

h     ■    V    ■   5"     »  .  ■  .J    ■  .V)      » 


Fig.  237. — Theoretical  Consumption  of  the  Perfect  Machine.     Lbs.  per  H.P.H. 
jSlw  Appendix  for  Table  of  Equivalents  in  Lbs,  per  K.  W,H, 


Fig.  236  reproduces  Professor  Bateau's  diagram,  and  Fig.  237 
gives  the  corresponding  results  in  English  units.  The  thermo- 
dynamic efficiency  of  an  engine  is  the  ratio  of  actual  steam  con- 
sumption in  any  case  to  the  theoretical  consumption,  the  latter 
being  read  in  Figs.  236  or  237  on  the  diagonal  line  which  passes 
through  the  intersection  of  the  horizontal  absolute  admission 
pressure  line  with  the  vertical  absolute  exhaust  pressure  line. 

Fig.  238  shows  the  volume  and  pressure  of  steam  at  low 
temperatures. 

Fig.  239  shows  the  properties  of  water  and  of  saturated  steam 
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expressed  in  kilowatt-hours.    This  sheet  is  similar  to,  though  on 
a  much  smaller  scale  than,  the  curves  recently   published   by 


j^'^y^*^^ 


-10 


..«2^-^ 


"95 

•96 

n 
9$ 

±    h^ 

^^retM:  Cg/9(^fudk  Tftrmomtter, 
Fia.  238.— Volume  and  Pressure  of  Steam  at  Low  Temperatures. 
The  volume  corresponding  to  a  given  pressure  is  to  be  read  at  the  intersection  of 
Curve  V  with  the  vertical  temperature  line  which  passes  through  Curve  P  at 
that  pressure. 

Professor  R.  H.  Smith  in  his  Commercial  Economy  in  Steam  and 
other  Thermal  Power  Plants  (Constable,  1905),  in  which  he  used 
foot-lbs.  as  his  unit. 
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Ikgrtts:  Cdfjiijjrackl^rmometer, 

S 


Jtijrttsi&  lfrtn/;eit  Tfitrmomtttr. 

Fig.  239.— Properties  of  Saturated  Steam  and  Water. 

Ta= Total  Heat  of  Saturated  Steam  from  82*  F.  (0*  C). 
Wa=    „  „       Water 

112=  Latent    ,,       Vaporisation  from  and  at  each  Temperature. 
Li=      „        ,,  „  less  Work  done  expanding  against  Pressure. 

T]=:  Total      „       Saturated  Steam  less  Work  done  expanding  against  Pressure. 


CHAPTER  XIV 

CALORIFIC  VALUES   OF  FUELS 

Thb  calorific  values  of  coals  in  several  countries  are  given  in 
Table  XCV.  expressed  in  several  units. 

For  the  electrical  engineer,  kilowatt-hours  per  unit  of  weight 
is  the  best  way  to  express  this  quantity,  and  it  simplifies  the 
mental  operations,  as  elsewhere  mentioned,  to  thus  carry  through 
all  calculations  on  a  single  unit. 

Table  XCV.— Calorific  Values  of  a  Number  of  Varieties  of  Coal. 


Calorific  Value  in 


Source. 


Nature. 


B.Th.U.  per 
Lb.  of  Coal. 


Wales 


Almost    pure  ,  15,000  to 
Anthracite     '     16,000 


England 
Scotland 


Bituminous 

Bituminous 
Anthracite 


United  States  of    ' 


America 


Germany 


Average 
Bituminous 

Cannel  coal 


Bituminous 


13,800  to 
I     14,800 

;     13,000 

14,000 

13,500 


11,000  to 
14,500 

12,600 


Braunkohle 
(hard  lignite) 


Braunkohle 
(soft  lignite) 


9,700 


6,500 


Kg.C.      I    K.W.H. 

per  Kg.  of    per  Lb.  of 

CkMiT.  Coal. 


K.W.H. 

per  Eg.  of 

Coal. 


8300 
8900 


4-40 
4-68 


7700     I     4-04 
8200         4-33 


7200 
7800 


9-69 
10-33 

8-91 
9-55 


7500 


6100 
8100 


7000 
6400 

3600 


3-80 

8-39 

4-10 

9-04 

3-95 

8-72 

,     3-22 
'     4-24 

7-10 
9-36 

369 

1 

813 

2-84 

6-26 

1     1-90 

1     4-20 

1 

862 
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We  have  expressed  the  calorific  value  in  a  number  of  different 
units,  as  of  possible  convenience  to  engineers,  but  we  prefer  to 
express  it  in  terms  of  the  "  kilowatt- hours  per  kilogram  of  coal." 
This  gives  the  total  amount  of  heat  energy  made  available  by 
burning  one  kilogram  of  coal  with  a  suitable  supply  of  air. 

Now,  were  it  possible  to  construct  a  boiler  with  100%  eflBciency, 
the  kilograms  of  steam  raised  by  one  kilogram  of  coal  could  be 
readily  derived  from  Table  XCIIL  or  XCI V.,  pp.  342, 345.  For  our 
standard  pressure  of  13  kilograms  per  square  centimetre  (absolute) 
and  50**  C.  of  superheat  (185  lbs.  per  square  inch  and  90°  F.  super- 
heat), we  see  that  698  kilogram-cals.  or  0*815  kilowatt-hours  are 
required  to  obtain  one  kilogram  of  steam,  on  the  theoretical  basis 
that  water  of  0°  C.  is  supplied  to  the  boiler,  and  that  the  super- 
heater is  heated  from  the  same  fire  as  the  boiler. 

Generally,  however,  water  is  supplied  to  the  boiler  at  a  con- 
siderably higher  temperature.  Thus  the  temperature  of  water,  if 
taken  directly  from  a  river,  will  generally  vary  between  0°  C.  and 
25  C.  (32**  and  77°  F.),  and  if  taken  from  the  condenser  it  will 
vary  between  40°  C.  and  GO''  C.  (104°  and  140°  F.).  Moreover,  the 
feed  water  is  often  heated  before  being  supplied  to  the  boiler  in 
order  to  reduce  the  loss  of  heat  in  the  gases,  as  otherwise  they 
would  leave  at  a  very  much  higher  temperature  than  the  tem- 
perature in  the  boiler.  We  are,  however,  justified  in  saying  that 
this  latter  means  serves  only  to  increase  the  eflBciency  of  the 
boiler,  while  the  coal  must  in  any  case  supply  suflBcient  heat  to 
produce  one  kilogram  of  steam  from  water  of,  say,  50°  C.  To 
produce  a  kilogram  of  steam  at  13  kilograms  absolute  pressure  and 
50°  C.  superheat,  from  water  at  a  temperature  of  50°  C,  requires 
648  kilogram-calories  (Kg.-cals.),  or  0*755  kilowatt-hours.  Coal 
having  a  calorific  value  of  7500  kilogram-calories  or  8*7  kilowatt- 
hours   per  kilogram   would,  with  100%  boiler  efficiency,  raise  to 

(8*7  \ 
-    _  j  =  ll-5  kilograms  of  steam. 

Without  entering  upon  a  study  of  the  losses  diminishing  the 
efl&ciency,  it  will  suffice  to  say  that  in  large,  well-designed  boilers, 
the  efficiency  of  the  steam-raising  plant,  including  economiser  and 
superheater,  will  be  between  60%  and  80%,  and  the  number  of 
kilograms  of  steam  obtained  in  such  a  boiler  per  kilogram  of  coal 
burned  is  between  6*9  and  9*2  kilograms  for  the  conditions 
specified  above. 

For  other  conditions  of  pressure  and  temperature  of  steam,  the 
steam  raised   per  kilogram  of  coal  burned  will  vary   in   inverse 
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proportion  to  the  heat  required.  In  testing  boilers,  it  has  become 
customary  to  base  figures  on  saturated  steam  at  atmospheric  pres- 
sure, and  to  further  assume  that  the  feed  water  has  a  temperature 
of  100*  C.  (from  and  at  212'  F.). 

Consulting  the  table  above  referred  to,  we  find  the  heat  neces- 
sary to  raise  one  kilogram  of  steam  to  these  conditions  to  be  537 
kilogram-calories,  or  0*625  kilowatt-hours.  This  permits  us  to 
deduce  the  values  set  forth  in  Table  XCVI. 

Table  XCVI. 


Boiler  Sfflciency. 

Kgs.  of  Steam  raised  per  one  Kg.  of 

Coal  burned  (the  Coal  has  a  Calorific 

Value  of  7600  KK.-€a]s.). 

100  per  cent. 

14 

70        „ 

9-8 

60        „ 

8-4 

The  foregoing  values  are  generally  denoted  in  the  metric 
system  as — kilograms  of  steam  "from  and  at  100'  C."  per  kilo- 
gram of  coal. 

In  the  English  system  it  is  customary  to  speak  of  the — lbs.  of 
steam  "  from  and  at  212*  F."  per  lb.  of  coal. 

The  general  range,  in  different  parts  of  Great  Britain,  of  the 
price  of  coal  of  an  average  calorific  value  of  8*7  kilowatt-hours 
(7500  kilogram-calories)  per  kilogram,  is  from  4  to  16  shillings 
per  ton  of  1000  kilograms  (2200  lbs.).  For  our  standard  conditions 
of  steam — an  absolute  pressure  of  13  kilograms  per  square  cm. 
and  50'  C.  of  superheat,  and  with  feed  water  at  50'  C. — we  shall, 
with  coal  of  this  quality  and  steam-raising  plant  of  60%,  70%,  and 
80%  efficiency,  get  6930,  8120,  and  9280  kilograms  of  steam  per  ton 
of  coal.  From  column  2  of  Table  XCVII.  we  can,  for  coal  of  this 
quality,  at  various  prices  in  shillings  per  ton  delivered  on 
site,  obtain  the  cost  for  fuel  in  shillings  per  1000  kilograms  of 
steam  produced.  In  columns  3  to  10  are  set  forth  the  cor- 
responding fuel  costs  in  pence  per  kilowatt-hour  generated,  for  the 
case  of  steam-driven  sets  when  operating  with  steam  consumptions 
of  6  to  20  kilograms  of  steam  per  kilowatt-hour  of  output. 

If  the  feed  water  supplied  to  the  boiler  has  a  temperature 
other  than  50"  C.  before  entering  the  boiler,  the  values  given  in 
Table  XCVII.  require  to  be  altered  slightly.  For  instance,  if  the 
temperature  of  the  feed  water  is  lO"*  C,  the  values  in  columns 
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1 

1    5    £ 

fts| 

Outlay  for  Fuel  (in  Shillings  per  1000  Kilograms 
of  Steam  raised)  in  producing  (from  feed  water 
at  50*  Cent.)  Steam  at  an  absolute  pressure  of 
IS  Kgs.  per  sq.  cm.  and  50*  Cent.  Superheat. 

Cost  of  Coal  in  Pence  per  Kilowatt-hour  (absolute  pressure  of 
Steam  18  Kgs.  per  4q.  cm.  60*  Cent.  Superheat,  Feed  Water  60* 
Cent.)  at  the  Steam  Consumption  of  (sUted  at  the  top  of  column). 

Kilograms  per  Kllowatt-hour. 

6 

8 

10 

12 

14 

16 

18 

20 

4s. 

•67 

•041 

•055 

•069 

•068 

•097 

•111 

•124 

•188 

6s. 

•71 

•062 

•069 

•066 

•108 

•121 

•188 

•166 

•176 

6s. 

•86 

•062 

•088 

•104 

•124 

•146 

•166 

•186 

•207 

78. 

1-05 

•072 

•097 

•121 

•146 

•160 

•198 

•217 

•242 

"S 

8s. 

1-15 

•068 

•110 

•188 

•166 

•198 

•221 

•248 

•276 

1' 

9b. 

180 

•098 

•124 

•165 

•187 

•217 

•248 

•280 

•810 

1 

10s. 

1-44 

•104 

•138 

•1T8 

•207 

•241 

•276 

•810 

•345 

^ 

lis. 

1-58 

•114 

•152 

•190 

•228 

•266 

•304 

•342 

•879 

t 

12s. 

1-72 

•124 

•166 

•207 

•249 

•290 

•381 

•373 

•414 

<8 

18s. 

1^87 

•184 

•180 

•224 

•269 

•814 

•869 

•404 

•448 

Pn 

148. 

2^10 

•145 

•193 

•242 

•290          838 

•886 

•436 

•483 

158. 

2-16 

•165 

•207 

•269 

•311 

•862 

•414 

•466 

•517 

16s. 

2-80 

•166 

•221 

•276 

•331 

•386 
•083 

•441 
•095 

•497 

•552 

/ 

4s. 

•49 

•086     1     -047 

■069          071 

•106     1     -118 

5s. 

•61 

•044     1      059 

•074 

•089 

•103 

•118           183           148 

68. 

•74 

058     1      071 

•089 

•107 

•124 

•142 

•160     1      178 

b 

7s. 

•86 

•062     1      088 

•108 

•124 

■145 

•166 

•186          -207 

"o 

'          8s. 

•98 

•071          -095 

•118 

•142 

•166 

•190 

•218     1      287 

K 

98. 

111 

•080           106 

•133 

•160 

•187 

•213 

•240     '     •266 

1 

'           108. 

1^23 

•089          118 

•148 

•178 

•207 

•S!87 

•267           295 

lis. 

1-35 

•098     1     -130 

•162 

•195 

•228 

•201 

•294          826 

1 

12s. 

1-47 

•107 

•148 

•m 

•213 

•249 

•285 

•320          855 

* 

13s. 

1-60 

•115 

•154 

•192 

•231 

-269 

•810 

•346     1      885 

£ 

14s. 

1-70 

•124 

•166 

•207 

•249 

•290 

'834 

•873     ,     -415 

158. 

1-82 

•183 

•177 

•222 

•266 

•310 

•357          ^400           444 

1€S. 

1-96 

•142 

189 

•286     1     ^284 

•831 

•380         -426          474 
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Tablk  jyCll.—oorUinued, 


Cost  in  ShilUngs  per  Ton  delivered  on  site  for 

Coal  of  a  Calorific  Value  of 

8*7  Kilowatt-hours  per  Kg.,  equal  to 

7,600  Kilogram-calories  per  Kg., 

13,600  British  Thermal  Units  per  Lb. 

Outlay  for  Fuel  (in  Shillings  per  1000  Kilograms 
of  Steam  raised)  in  producing  (from  feed  water 
at  60*  Cent.)  Steam  at  an  absolute  pressure  of 
18  Kgs.  per  sq.  cm.  and  50*  Cent.  Superheat. 

Cost  of  Coal  in  Pence  per  Kilowatt-hour  (absolute  pressure  of 

Steam  IS  Kgs.  per  sq.  cm.,  50*^  Cent.  Superheat,  feed  water  60* 

Cent.)  at  a  Steam  Consumption  of 

Kilograms  per  Kilowatt-hour. 

6 

8 

10 

12 

14      I      16 

18            80 

/          4s. 

•43 

•031 

•041 

•052 

•062 

•072     1      083 

•003 

•108 

6s. 

•64 

•039 

■062 

•065 

•078 

•091 

•104 

•116 

•ISO     1 

68. 

•64 

•046 

•061 

■078 

•098 

•109 

•124 

•189 

•166 

7s. 

•76 

•054 

•072 

•091 

•109 

•127 

•146 

•162 

•182 

88. 

•86 

•062 

•083 

•104 

•124 

-145 

-166 

186 

'206 

9b. 

•96 

•070 

•093 

•117 

•140 

•163 

•186 

•210 

•233 

10s. 

1-118 

•078 

•108 

•130 

•166 

•181 

•206 

•284 

•260 

lis. 

118 

■085 

•114 

•148 

•171 

•200 

■227 

•267 

•286 

128. 

r29 

•093 

•124 

•156     1     -186 

-218 

•248 

•280 

•310 

188. 

1-40 

•101          -136 

■160     1      208 

•236         -269 

•304 

•337 

14s. 

1^50 

•109 

•146     1      182 

"218     J 

•254     '     -290 

•827 

•364 

168. 

1-61 

•116 

•166           196 

•233     !     -272     .     •SU          -350     \     '890 

\             168. 

1-72 

•124 

•106          •207 

•248          ^290 

-331 

•372 

-  1 

2  to  10  must  be  increased  by  6%.     Table  XCVIII.  gives  such 
corrections. 

The  efficiency  of  the  boiler  has  been  given  as  varying  between 
60%  and  80%.  It  is  as  well  to  distinguish  between  the  efficiency 
of  the  boiler  as  measured  by  test  and  the  all-year  efficiency  of  the 
boiler.  While,  in  the  first  case,  the  efficiency  is  very  often  as  high 
as  75%  or  80%,  the  same  boiler  may  give  an  all-year  efficiency  of 
only  50%  or  60%,  and  in  some  cases  considerably  lower  still. 
Very  often  the  boilers  must  be  kept  under  pressure  for  a  long  time 
without  any  work  being  done,  and  it  is  clear  that  in  this  case  the 
losses  due  to  radiation,  which  normally  rarely  exceed  5%  to  10%, 
would  increase  in  importance.  The  authors  have  compiled  a  table 
in  which  are  recorded  the  results  for  the  actual  all-year  coal 
consumption  per  kilowatt-hour  for  some  stations.  All  this  data 
has  been  obtained  directly  from  the  Engineers  of  the  generating 
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Tablb  XCVIII. 


Temp,  in  dega.  Cent,  of 
Water  luppHed  to  Boiler. 

Per  Cent  Change  of  the  Values  in 
Columns  2  to  10  of  Table  XCVII. 

0 

+  7*5  per  cent. 

10 

+  6 

20 

+4-6       „ 

30 

+  3 

40 

+  1-6        „ 

50 

0 

60 
70 

-1-5        ,, 

-3 

80 

-4-5       „ 

stations.     The  results  throw  some  light  on  the  actual  cost  of  fuel 
in  its  relation  to  the  kilowatt-hours  supplied. 

The  following  analysis  was  given  by  Mr  H.  G.  Stott  in  "  Power 
Plant  Economics,"  Proceedings  of  the  Amei^ican  Imtitvie  of  Electrical 
Engineers,  January  1906,  of  the  losses  in  a  year's  operation  of  one 
of  the  most  eflBcient  plants  in  existence  to-day,  for  which  coal  has 
been  purchased  during  two  years  on  the  basis  of  the  B.Th.U.,  it 
gives  on  tests  of  samples  taken  automatically  on  delivery  of  each 
charge  to  the  power-house  weighing-hopper. 

Average  Losses  in  Converting  Energy  in  1  lb.  of  Coal  into 
Electrical  Energy. 


1  B.Th.U. 

Per  cent. 

B.Th.U. 

Per  cent. 

1.  B.Th.U.  per  pound  of  coal  supplied 

2.  Loss  in  ashes         .... 

3.  ,,      chimney    .... 

4.  „      holler  radiation  and  leakage    . 

5.  Returned  hy  feed  water  heater  . 

6.  „          eoonomiser 

7.  Loss  in  pipe  radiation 

8.  Delivered  to  circulator   . 

9.  „          feedpump  . 

10.  Loss  in  leakage  and  high>pressare  traps 

11.  Delivered  to  small  auxUiaries    . 

12.  Heating 

18.  Loss  in  engine  friction 

14.     „    electrical       .... 
16.     »,    engine  radiation 

16.  Rejected  to  condenser     . 

17.  To  power-house  auxiliaries 

1     14,160 

1          440 
9C0 

1    :: 

1 

100- 

"si 

6-8 

840 
8,210 
1,130 

"28 
220 
200 
160 
61 
31 
111 
86 
28 
8,620 
29 

'2-4 
23- 
80 

■.. 

15 

11 

0-4 
0-2 
0-8 
0-3 
0-2 
60- 
0-2 

,      16,660 
14,084 

109-9 
99-8 

14,080 

99-8 

18.  Delivered  to  bus-bar 

1       1.470 

101 
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Table  XCIX.— Coal  Cost  and  Quality  used  in  bomb 
Elkotrioity  Plants. 


Coal  used. 

Water. 

ii 

II 

6 

Name. 

Calorific 

Value  B.Th.U 

per  Lb. 

Price  per  Ton, 
ShiniDgs. 

5-75 

Lhs.jper 

K.W.£  at 

Switchboard. 

Lbs.  evapor- 
ated per  Lb. 
of  Coal. 

CanrUle 

11,000 

1 

8 

Qnincy  Point 

14,000 

14-6 

2-8 

1 
...          1 

13 

Halifax     . 

6-6 

... 

15 

Sheffield  Neepsend 

12*6b() 

... 

3-5/4 

4-5/5-5 

16 

Los  Angeles  U.8.A.     . 

18,000 
dry  oil 

0*8d  gallon 

2-6 

... 

17 

Brimsdown 

12,000 

11-75 

5 

20 

Harrogate  . 

12,000 

12 

6-7 

7-5 

22 

MiddleOmo'       . 

•  .. 

9-5 

7-2 

6-8 

23 

Shipley 

11,500 

71 

... 

' 

24 

Kidderminster    , 

•  •• 

8-8 

10 

... 

35 

Interboro    (Subway), 
New  York     . 

15,000 

36 

Manhattan  Elevated, 
New  York     . 

15,000 

37 

Manchester,    Dicken- 

* 

son  St.   . 

13,900 

10 

4-5 

8-8 

39 

Leeds 

11,000 

5 

8 

7 

40 

Pinkston   . 

12,600 

6-25 

3 

7-5 

41 

Kansas    City,     Met. 

;      S.R.CO.         . 

13,000 

6-2 

3-7 

7-5 
from  and 

at  212*  F. 

42 

Salford      . 

14,500 

7-7 

41 

43  i  Westham  . 

13,000 

8-2  to  13-2 

5 

8*' 

45  'Kelham Is., Sheffield. 

12,000 

8-2 

3-8 

8-1 

46 

Alpha  Place,  Chelsea. 

14,500 

21 

4-6 

9 

47 

liowell,  U.S.A.  . 

14,300 

18-4 

2-6 

91 
10-9 

from  and 

at  212'  F. 

49    Dundee      . 

11,500 

81 

4-8 

6-2 

60  1  Paisley      . 

13,000 

-I 

7-3 

21-9  Welsh 

8-8 
1 

10-2 

51 

Wimbledon 

15-5 

\    6 

7 

Derby  Nuts 

J 

52 

Reading    . 

. . . 

20 

5-9 

9-2 

53 

IJford 

.. 

20-5  Welsli 
16-5  Mardy 

1    '*'^ 

8-7 

55 

Leicester    . 

8,000 

5-5 

4 

7 

56 

Wolverlmnipton 

12,000 
12%  ash 

5-8 

6-32 

7-2 

from  and 

at  212* 

57 

Greenock  . 

11,700 

81 

7-4 

•  .« 

58 

Eastham,  London 

... 

13-75 

6-7 

6-7 

59 

Lowestoft  . 

17 

4-7 

8-4 

60 

Burton-on-Trent 

... 

4 

8-8 

7 
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Table  XCIX.— c(m<twi*«rf. 


Goal  lued. 

Water. 

Name. 

Calorific 

Value  B.Th.U. 

per  Lb. 

Price  per  Ton, 
Shillings. 

Lbs.  per 

K.W.H.  at 

Switchboard. 

Lbs.  evapor- 
ated per  Lb. 
ofCoaL 

61 

Hull  Tramways 

10 

62 

Stalybridge 

... 

•8-2 

4" 

7-5 

63 

Burnley     . 
Walsall      . 

14,000 

10 

4-6 

9-6  test 

64 

7-7 

... 

... 
... 

65 

Bury,  Lanes 

6-7 

... 

66a 

Eastbourne 

14Ji)bo 

241 

6 

8-8 

67 

Gloucester 

12/13,000 

10 

5/6 

5to6 

68 

Kirkcaldy. 

13,000 

7-2 

... 

... 

69 

Barrow-in-Furness    . 

14,000 

11 

6 

7 

!  72 

Gillingham 

:  f 

9-7 
14-6 

1  13-6 

... 

73 

Carlisle 

9-5 

7 

,  74 

Chatham    .        .        . 

U^CKK) 

16-5 

4 

8-5 

'  75 

Barnes 

14,800 

19-9 

4 

10 

76 

Worthing  . 

12,000 

19-9 

5 

77 

Guernsey,    Les    Am- 

balles     . 

13,000 

16 

6-2 

... 

St  Sampson 

13,000 

16 

22 

Gas 

78 

Cleethorpes 

11,500 
Shirebrook 

8 

B.  W.  Allen'i  Test  14,800  B.Th.U.  "Rheola."    TWO  Kg.C.  per  Kg.,  IntU  C,E.,  *'0n  Surface 
Condenser  Plants,"  Feb.  88, 1905. 
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CHAPTEE   XV 


TYPICAL  RESULTS  AS  TO   STEAM   ECONOMY  IN   MODERN 
PISTON   ENGINES 

Four  representative  firms  of  piston  engine  builders  in  England, 
designated  in  this  chapter  as  firms  A,  B,  C,  and  D,  have  very 
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/ftttecf  Output  /n  KihrmCCs 
Fio.  240.  — Steam  Consumption :  Firm  A's  Reciprocating  Engines. 
18-4  Kgs.  per Sq.  Cm.  Absolute,  55 'S"  C.  Superheat,  86*6  percent.  Vacuum. 

I = Quarter  Load;  II  =  HalfLoad;  HI  =  Three  Quarters  Load  ;  IV  =  Rated 

Full  Load. 

kindly  furnished  us  with  their  guarantees  as  r^ards  steam  con-, 
sumption.  Firm  A  builds  small  engines.  Their  guarantees, 
expressed  in  terms  of  the  kilograms  steam  consumption  per  kilo- 
watt-hour  output  from  a  hypothetical  direct-connected  generator, 
have  been  plotted  in  the  curves  of  Fig.  240.     Firms   B  and  C 
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manufacture  fairly  large  sizes  of  engines,  and  their  guarantees  are 
to  be  found  in  the  curves  of  Figs.  241  and  242. 
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Fio.  241. — Steam  CJonsumption  of  Firm  B's  Reciprocating  Steam  Engines. 
13 '4  Kgs.  per  Sq.  Cm.  Absolute,  53**  C.  Superheat,  86 '6  per  cent.  Vacuum. 

I  =  Quarter  Load;  II  =  HalfLoad;  III = Three  Quarters  Load  ;  IV  =  Full 
Rat«d  Load  ;  V  =  25  per  cent  Overload. 
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Fio.  242. — Firm  C's  Reciprocating  Steam  Engines.     Steam  Consumption 
at  14 '4  Kg8.  per  Sq.  Cm.  Absolute,  55 '5'*  C.  Superheat,  86*6  jwr  cent.  Vacuum. 

IV  =  Rated  Full  Load  ;  111  =  One  and  a  Quarter  and  Three  Quarters  Loads  ; 
II  =  Half  Load  ;  I  =  Quarter  Load  estimated  from  the  other  Curves. 


372 


STEAM   TURBINE  ENGINEERING 


Firm  D  also  builds  engines  up  to  large  sizes,  and  they  have 
furnished  us  with  guarantees  not  only  with  superheat  of  55-5** 
Cent.,  but  also  of  111°  Cent.  These  guarantees  will  be  found 
plotted  in  the  curves  of  Figs.  243  and  244. 

It  will  be  noticed  that  the  conditions  under  which  these 
various  guarantees  have  been  made  correspond  closely  with  our 
standard  basis  of  reference,  namely,  for  an  absolute  steam  pressure 
of  13  kilograms  per  square  centimetre,  with  a  vacuum  of  86*6 
per  cent,  and  50*"  C.  of  superheat.  The  steam  consumption  under 
these  standard  conditions  for  full,  half,  and  quarter  loads  are,  for 


J 

"^ 

^ 

■~ 

^ 

"^ " 

~  ^ 

^ 

■  ^ 

■"  ■ 

"  ^ 

^ 

^ 

1 

Si     14 

K 

"^ 

c 

- 

- 

-^*-i 

J5  * 

:^*^ 

-. 

» 

„ 

» 

».. 

.. 

_i 

. . 

-.2 

Z- 

_ 

S   a 

— 

— 

— 

F- 

■- 

■ 

== 

M 

h 

— 

*^       & 

%   * 

1 

<3    ,         _ 

s 

r 

^5d  GOO  /oco         ^0         Tico 

f^Ated  Outfuit  m  /ff/oH4»Us 
55-5°  C.  Superheat. 

Fio.  243.— Steam  Cousumptioii  of  Firm  D's  Reciprocating  Engines. 
13*4  Kgs.  per  Sq.  Cm.  Absolute,  86*6  i)er  cent.  Vacuum. 

I  =  Quarter  Load  ;  II  =  Half  Load  ;  III = Three  Quarters  and  One  and  a 
Quarter  Loads  ;  IV  =  Full  Rated  Load 

these  four  firms,  set  forth  in  the  curves  of  Figs.  245,  246,  and 
247.  The  dotted-line  curves  in  these  three  figures  roughly 
represent  the  mean  steam  consumptions  for  engines  of  the  four 
firms  A,  B,  C,  and  D. 

Guided  by  the  data  in  Figs.  245,  246,  and  247,  we  have 
deduced  the  three  curves  I,  II,  and  III  of  Fig.  248,  correspond- 
ing to  the  dotted  curves  of  the  three  previous  figures,  as  fairly 
representing  the  steam  consumption  for  this  group  of  modern 
piston  engines  at  one  quarter,  one  half,  and  full  loads  respectively. 

In  an  article  entitled,  **  Die  Dampfturbinen  der  Allgemeinen 
Elektricitats-Gresellschaft,  Berlin  *'  {Zeitschr.  des  Vtreines  deutscher 
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Ingeniewe,  August  13th,  1904,  p.  1209,  Fig.  5),  Lasche  has  pub- 
lished a  curve  which  he  states  represents  the  rated  full-load  steam 
economy  of  good  modern  piston  engines  at  an  absolute  admission 
pressure  of  13  kilograms  per  square  centimetre,  with  "  some  super- 
heat and  good  vacuum."  Lasche's  curve  is  given  in  Fig.  249  as 
curve  L,  and  the  rated  full-load  curve  of  Fig.  248  is  reproduced  as 
curve  III. 

Pull  Load  Steam  Oonsumption  :  Piston  Engines. — We 
have  also  compiled  in  Table  C.  the  full-load  steam  consump- 
tions of  thirty-three  piston  engines  of  19  different  manufacturers 
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Fio.  244.— Steam  Consumption  of  Firm  D*8  Reciprocating  Engines. 
13 '4  Kgs.  perSq.  Cm.  Absolute,  86*6  percent.  Vacuum. 

I = Quarter  Load  ;  II  =  Half  Load  :  III = Three  Quarters  and  One  and  a 
Quarter  Loads  ;  IV  =  Full  Rated  Load. 

of  five  different  countries.  Most  of  this  data  was  derived  from 
published  results.  In  a  few  cases  the  guarantees  of  the 
makers  were  employed.  To  afford  a  common  basis  of  comparison, 
the  results  were  reduced,  by  correction  curves  which  will  be 
described  later  in  this  chapter,  to  terms  of  the  steam  consumption 
for  our  standard  reference  conditions  of  an  absolute  admission 
pressure  of  13  kilograms  per  square  centimetre  (corresponding  to  a 
gauge  pressure  of  170  pounds  per  square  inch),  with  a  superheat  of 
50°  Cent.  (90°  Fahr.),  and  with  an  86*6  per  cent.  (26  inches,  or  660 
millimetres)  vacuum.  Where  the  results  were  expressed  in  terms 
of  the  indicated  horse-power  or  brake  horse-power,  we  reduced 
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Fig.  246.— Full  Rated  Load. 
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Figs.  245,  246  and  247.— Steam  Cousumption  of  Reciprocating  Engines. 

50*  C.  Superheat,  86*6  ])er  cent  Vacuum. 

A,  B,  and  D,  18-4  Kgs.  per  Sq.  Cm.  Absolute. 

C,  14-4 

Dotted  Curve  is  the  Mean  of  the  Four  Full  Lines. 
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them,  by  means  of  the  efficiency  assumptions  already  described  in 
Chapter  III.,  to  terms  of  the  kilowatts  output  from   a  direct- 
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Fig.  248.— Meau  Steam  Consumption  for  Four  Firm's  Reciprocating  Engines. 
13  Kgs.  per  Sq.  Cm.  Absolute,  50°  C.  Superheat,  86*6  per  cent.  Vacuum. 

I  =  Quarter  Load;  II  =  HalfLoad;  111  =  Rated  Full  Load. 

connected  dynamo.     The  33  generating  sets  thus  considered,  ranged 
in  output  from  140  kilowatt  to  5000  kilowatt.     No  tests  in  which 
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Fio.  249.~Steam  Consumption  of  Reciprocating  Engines  at  Rated  Full  Load. 
Ill  is  from  Fig.  248.     L  =  Lasche,  see  p.  873. 

the  steam  consumption,  when  reduced  to  our  standard  conditions, 
was  over  9*0  kilograms  (19-8  lbs.)  per  kilowatt-hour  output  at  rated 
load  were  included. 
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Table  C— Details  of  Results  deeived  from  Published 


<6 

■I 


a 
S 
•i 
& 


II 

fi 


140 


153 


3- 


/       158 


158 


10-3 


35     !ll-6 

I 


126       102 


126       10-2 


158      126       10*2 


158 


163 


10 


11 


12 


13 


14 


15 


16 


17 


190 


220 


264 


325 


385 


385 


885 


400 


400 


440 


600 


126       10-2 


!  11-6 


140 


850 


472       12-3 


10-5 


a 
go 

I 

•073 


•077 


00 


1 

t 


172 


•077 


•077 


•077 


•091 


18-0       -167 


100 


9-3 


66    '    7-55 


66 


I 


66 


7-59 


375     I  111 


150       11-7 


68-5     12-2 


120     I  11^6 


625 


700 


720 


101       14-6 


101       14-6 


80       15-0 


770  '     67       13-2 


•089 


•118 


•072 


•087 


•082 


•20 


37 


102 


190 


107 


85-6 


175 


140 


68  0 


75-7 


•134 


•073 


•044 


•130 


50 


•144 


50 


O  M 


6-86 


8-6 


|i 

OQ 


it 
!l 

o 

§•§ 

II 


Date  of  Test. 

Test  Conducted 

by 


8^0 


7^S 


9-8 


9-0 


8^0 


6^6 


8-6     \ 


Prof.  Schroeter 


1900 
Prof.  Unwin 


Where  installed. 


Leicester  Water 
Works 


8^35 


7-2 


7^0 


8-4 


7^45 


6  85 


10-4 


8^0 


8^9 


8*9 


7-2 


8-65 


8^4 


8^2 


97    i       7-9 


9-J5 


7-8 


7-4 


6-7 


8-9 


7-77 


8-00 


•130 


48-5 


7-75 


•094 


61 


6-9 


8^0 


8^0 


8^2 


Prof.  Thurston 

Dec  16, 17/02 
Prof.  Ewing 


M.  Longridge      Belfast 


Near  Manning- 
tree 

Lincoln 


May  25,  1898  i  Augsburg 


May  25,  1893 


Do. 


May  25,  1898  Do. 

Leeds 


Feb.  5,  1902 


Prof.    Jacobus  i 
ofHoboken   I 


Newcastle- 
upon-Tyne 

Wallsend 


8  0 


7-3 


May  5,  1901 

Do. 

Mar.  3,  1908 

Erlangen 

Where  blank  spaces  have  been  left,  the  values  have  not  been  ascertained.    In  such  cases,  in  order 

been  estimated 
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Tests,  Estimates,  and  Guarantbks  by  Makers. 


Manufacturer  of  the 
Steam  Engine. 


Kerchove 

Hawthorn,  Davey  k  Co. 

Kerchove 

Do. 

Do. 

Do. 

Milwaukee 

Easton  k  Co. 

James  Howden  k  Co. 

Bellis  k  Morcom 

Cole,  Marchent  k  Morley 

Werk  Augsburg 

Do. 
Do. 

James  Howden  k  Co. 

Type  of  Piston  Engine. 


Source  of  Data, 


Horizontal  Tandem  Compound 


Pumping  Engine 


Slow -speed  Compound 


Do. 


Paper  by  C.  V.  Kerr,  Amer.  8oc. 
Mech.  Engrs.,  vol.  xxv. 


The  Engineer,  April  28, 1906,  p.  416. 


The  Engineer,  January  8, 1904,  p.  47. 


Do. 


Do. 


Pumping  Engine 


Horizontal  Tandem  2-cylinder 
Compound 


High-speed  Triple  Expansion 


Do. 


Vertical  Cross  Compound 


Do. 

do. 

do. 

Do. 

do. 

do. 

Do. 

do. 
,  April 

28, 

do.* 

The  Engineer 

1906,  p.  416. 

The  Engineer,  J AiiUATy  9, 1903,  p.  46, 


EL  Review,  August  18,  1906,  p.  xxv. 
The  Engineer,  July  28,  1906,  p.  78 


The  Engineer,  June  2,  1906,  p.  648 


Slow-speed  Compound 


Do. 
Do. 


Harrisburg  Foundry  and 
Machine  Works 

Werk  Augsburg 

Rice  k  Sargent 


j  High-speed  Triple  Expansion   i 
Tandem  Compound  | 


JZeilachrift   des    Ver,    Deui,    Ing., 
August  12,  1906,  p.  1316. 
, 

I    El.  Review,  August  18, 1906,  p.  xxv. 


Wallsend    Slipway    and 
Eng.  Co. 

Do. 


Hick,  Hargreaves  k  Co. 
Werk  Augsburg 


Trans,   Anier.   Soc.   Mech,   Engrs,, 
vol.  XXV.,  Dec.  1903,  pp.  1-16. 


Slow-speed  Triple  Expansion    '     2,d,  KDeut,  big.,  Aug.  19/06, p.  1350. 
Compound  Corliss  El.  Review,  April  8,  1906,  p.  676. 

Slow-speed  Triple  Expansion 

Do. 


Proc.  Inst.  Mech,  Engrs,   at  New- 
castle.    By  W.  B.  Wooiihouse. 


Proc.   Inst.   Civil  Engrs,,  vol.  cli. 
p.  200.    By  T.  H.  Minshall. 


3-ci'ank  Triple  Expansion" 


The  Engineer,  July  7,  1906,  p.  2. 


]  Slow-speed  Triple  Expansion        Z.d.  V'.DeiU.Ing.,AvLg,19l05,p.  1852. 

to  calculate  the  steam  consumptions  reduced  to  our  standard  conditions,  the  missing  details  have 
and  assumed. 
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Table  C— 


i 
1 

o 

1% 

1 

II 

1 

\ 

.3 

1 

on  in  Degrees 
e. 

L  in  Egs.  per    i 
rom  Dynamo. 

in  Egs.  per 
3ed  to  tlie 
8  adopted  in 
Estimated). 

i 

i 

i 

i 

.s 

1 

OQ 

IS 

I 

It 

1 

|f  i-Nl 

Date  of  Test 
Test  Conducted    Wliere  installed. 

by. 

1 

3k 

< 

72-5 

'">i  \ 

8-2 

Aug.  8,  1901 

18 

790 

102 

18-3 

•10 

7-64 

... 

i 

850 

90 

9-31 

•239. 

18-5 

8-9    h               ( 

Weisbaden 

19-I 

7.0 

\ 

850 

90 

9-41 

•20 

59-2 

8-1    |J     '"      I 

Aug.  16,  1901 
1  May  13,  1900 
June  9,  1903 

Do. 

20 

910 

60 

13-8 

•077 

42^5 

7-77         8^4 

21 

1070 

88 

10-4 

•074 

0 

8-8           8-6 

Strasbui^ 

22 

1135 

88 

18-6 

•10 

82^5 

8-45         9*0 

1 

1 

' 

1170 

90 

9-62 

•29 

22-6 

''    ^     7.5      ^ 

Aug.  14,  1901  '  Weisbaden 

9». 

1170 

90 

8-94 

•286 

71-8 

8-2      J               I 

Aug.  17,  1901          Do. 

24 

1400 

13-7 

•144 

39 

S'b           S'3 

March  1908 

Leeds 

25 

1500 

.•• 

12-3 

•155 

0 

9-3           7-9 

Manchester  Cor- 

' 

jjoration 

26 

1600 

100 

12-1 

•i&o 

bl-6 

7-5    i       7-1 

Sept.  20,  1901 
Oct  19,  1899 
Oct  18,  1899 

27- 

1900 

88 

14-5 

... 

0 

8-3 

-    7^7     - 

Berlin 

1900 

83 

14-2 

... 

83 

7-25  1 

Do. 

1900 

83 

14-1 

... 

129 

6^75 

Oct  24,  1899 

Do. 

28" 

2600 

86 

10-3 

•082 

0 

7-9    1 

»     6-9     . 

2600 

86 

10-3 

•082 

121 

6-45, 

... 

2600 

86 

10-3 

•082 

171 

5^9    i 

1 

29 

2800 

75 

11-6 

•100 

0 

8-64         7-5 

Apr.  1,  1902     1  Glasgow 
Prof.  Barr                Tramways 

'  Greenwich 

30 

3200 

94 

13-7 

•130 

85 

8 '15         8-9 

31 

3800 

76 

14-0 

•105 

0 

7-7           7-1 

Feb.  1904      '  New        York- 
Andrew  Withani       Edison   Plant 

on/1    Wclla 

32 

3900 

75 

14-4 

•105 

65-5 

77    '       8-3 

ana  v>  eiis 

Manchester  Cor- 

poration 

33 

5000 

75 

18-4 

•130 

0 

8-5 

7^5 

New  York 

Where  blank  spaces  have  been  left,  the  values  have  not  been  ascertained.     In  such  cases,  in  older 

been  estimated 
^  These  are  apparently  not  test  results,  but 
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continued. 


Manufacturer  of  the 
Steam  Engiue. 

Type  of  Piston  Engine. 

Source  of  Data. 

MaoBfield 

Slow-speed  Triple  Expansion 

ZeU./.d.  Ges.  rwr&.,Aug.l/06,p.228. 

Werk  Augsburg 

Slow-speed  Tandem 

\zeU.  des  Ver.  DetU,  Ing,,  Aug  12/06, 
J      p.  1812. 

Do. 

Hick,  HaTgreaves  k  Go. 
Werk  Augsburg 

Horizontal  Compound 

The  Engineer,  July  7,  1905,  p.  2. 

Slow-speed  Triple  Expansion 

Z. d.  V. Deut. Ing.,  Aug.  19/05,p.  1362. 

... 

Do. 

Z./.  d,  Qes.  Turb.,  Aug.  1/06,  p.  228. 

/  2eU.  des  Ver,  Deut,  Ing.,  Aug.  12/05, 
1      p.  1812. 

Werk  Augsburg 

Slow-speed  Tandem 

Do. 

Belliss  k  Moroom 

High-speed  Triple  Expansion 

The  EngiiiMT,  January  8, 1904,  "p,  47. 

Yates  k  Thorn 

... 

The  EleciriGian,   March   17,   1906, 
p.  886. 

M*Into«h  k  Seymour 
Sulzer 

Vertical  Cross  Compound 

The  Engimer,  July  14,  1905,  p.  27. 

Slow-speed  Triple  Expansion 

The  Engineer,  May  25,  1900. 
Do.                      do. 

Do. 

Do. 

Do. 

Do. 

Do.                     do. 

Kerchove 

Von  den  Kerchove.  Society  Anonyme 
des  Anciens  Ateliers  de  construc- 
tion van  den  Kerchove. 

Do. 

Do. 

AUis 

... 

EngiTieering,   September  12,   1902, 
p.  849.     Prof.  Barr's  Report 

J.  Musgrave  k  Sons 
Westinghouse  Co. 

Marine  Triple  Expansion 

Tr,  d'Ry.  Wrld.,  Dec./03,  pp. 659-663. 
Poicer,  July  1904,  p.  424. 

Wallsend    Slipway    and 
Eng.  C5o. 

Three-cylinder  Compound 

Engineering,  April  28,  1905,  p.  539. 

Allis 

Vertical  Slow-speed  Compound 

^  Description  of  the  New  York  Sub- 
way, p.  86  ;  Interborough  Rapid 
Transit  Co.,  1904. 

to  calculate  the  steam  consumptions  i-educed  to  our  standard  conditions,  the  missing  details  have 

and  assumed. 

are  from  the  guazwitees  of  the  makers. 
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The  results  were  divided  into  three  groups  of  eleven  each, 
corresponding  to  the  smallest,  the  intermediate,  and  the  largest 
sizes. 

Group     I.  ranged  from    140  K.W.  to    400  KW. 

II.  „  440  KW.  to  1135  K.W. 

.    „       III.  „  1170  K.W.  to  5000  K.W. 

The  mean  steam  consumptions  at  rated  full  load  were  as 
follows : — 

Group      I.— 8-0  Kgs.  (17'6  lbs.)  per  kilowatt-hour. 
II.-80  Kgs.  (17-6  lbs.)        „ 
„       IIL-7-7  Kgs.  (170  lbs.)        „ 

The  next  step  consisted  in  taking  the  three  lowest  results  from 
each  group  and  averaging  them,  as  shown  in  Table  CI. 


Table  CI. 


- 

Group  I. 

140  K.W.  to  400  K.W. 

Group  n. 
440K.W.  tollS6K.W. 

Group  m. 
1170  K.W.  to  6000  K.W. 

Kgs. 

Lbs. 

Kgs.           Lbs. 

Kgs.      ,      Lbs. 

Three  lowest 
results  out 
of  eleven 

Average  of 
three 
lowest 
results 

7-2 

15-8 

6-7             14-7 

69 

15-2 

7-2 

15-8 

7-3       '      16-1 

71 
71 

16-6 

7-3 

161 

7-3             161 

16-6 

7-2 

15-9 

7-1             16-6 

7-0 

15-5 

As  these  nine  results  are  obtained  from  engines  of  seven 
different  manufacturers  in  four  different  countries,  they  may  fairly 
be  taken  as  indicative  of  the  possibilities  of  piston  engines  as  a 
type.  One  point  to  note  is,  that  practically  as  good  economy  in 
steam  consumption  is  obtainable  on  small  sizes  as  on  large  sizes. 

The  results  for  the  thirty-three  cases  set  forth  in  Table  C. 
have  been  plotted  in  Fig.  250.  In  this  figure  the  test  results 
are  indicated  by  circles,  and  the  results,  reduced  to  our  standard 
conditions,  have  been  indicated  by  crosses.  In  Fig.  251  the  latter 
are  reproduced,  together  with  curves  L  and  III.  of  Fig.  249. 

With  these  groups  of  data  available,  the  next  question  that 
arises  relates  to  the  curve  to  be  adopted  as  representative  of  the 
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averi^e  steam  consumption  of  the   best  types  of  modern  piston 
engines.     We  consider  that  Fig.  251  affords  ample  evidence  that 
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published  Tests. 

0 = Test  Conditions.     X  =  0  reduced  to  our  Standard  Conditions. 
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Fig.  251.— Steam  Consumptions  of  Piston  Engines  at  Full  Load. 

Curves  L  and  III  from  Fig.  249. 

Points  X  are  other  published  Tests  reduced  to  our  *'  Standard  Conditions.*' 

even  Lasche's  curve  (L)  hardly  does  justice  to  the  reciprocating 
engine,  since  considerably  better  results  have  frequently  been  ob- 
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tained,  and  sometimes  under  less  favourable  conditions  of  pressure, 
temperature,  and  vacuum.  That  curve  III.  lies  so  much  higher 
than  many  of  the  plotted  published  results  may  be  partly  due  to 
its  representing  a  rough  mean  instead  of  the  best  amongst  the 
guarantees  sent  us,  and  also  to  the  necessity,  on  the  part  of  the 
manufacturers,  to  make  sufficiently  conservative  guarantees  to  leave 
themselves  a  margin  of  safety. 

We  have  finally  decided  to  take  as  the  representative  curve  for 
the  steam  consumption  of  piston  engines,  when  operated  at  rated 
full  load,  with  an  absolute  admission  pressure  of  13  kilograms  per 
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Fig.  252.— Standard  Representative  Curve  for  Steam  Consumption  of  Modem 
Piston  Engines  at  Full  Rated  Load. 

Under  the  Standard  Conditions :  Absolute  Admission  Pressure  13  Kgs.  per  Sq.  Cm. , 
50*  C.  Superheat,  86*6  per  cent.  (26  Ins.)  Vacuum.     (Derived  from  Fig.  251.) 

square  centimetre,  50*  C.  of  superheat  and  a  vacuum  of  86*6  per 
cent.  (26  inches),  the  curve  shown  dotted  in  Fig.  251.  With 
regard  to  this  representative  curve,  it  should  be  noted  that  Lasche's 
curve  was  deduced  from  full-load  tests,  run  probably  with  a  better 
vacuum  and  a  greater  amount  of  superheat  than  those  of  our 
standard  conditions,  the  admission  pressure  being  about  the  same. 
A  curve  derived  from  Lasche's,  but  with  our  standard  conditions, 
would  lie  above  curve  III.  Taking  this  fact  into  consideration 
and  also  the  low  positions  of  some  of  our  plotted  results,  we  have 
decided  that  a  fairly  representative  curve  for  our  standard 
conditions  can  be  obtained  by  embodying  a  portion  of  Lasche's 
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curve  for  a  range  of  outputs  from  500  kilowatts  to  1200  kilowatts. 
The  portion  of  the  curve  for  the  smaller  ratings  lies  somewhat 
lower  than  the  corresponding  portion  of  Lasche's  curve,  in  con- 
sideration of  the  low  steam  consumptions  often  obtained  with  piston 
engines  within  this  range  of  rated  outputa  The  curve  then  passes 
into  that  of  Lasche's  up  to  the  limit  of  the  range  considered  by 
him,  the  continuation  of  the  curve  beyond  this  point  taking  the 
form  of  a  straight  line,  very  gradually  falling  as  the  ratings  of  out- 
put increase.  This  curve,  which  is  reproduced  separately  in  Fig. 
252,  will  subsequently  be  taken  as  a  basis  for  the  investigation  of 
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Fig.  253.  — Representative  Steam  Consumptions  of  Piston  Engines. 
Our  Standard  Conditions :  13  Kgs.,  50**  C,  86*6  per  cent  (26  Ins.). 


the  effect  on  the  steam  consumption  of  modern  piston  engines 
resulting  from  variations  in  the  admission  pressure,  vacuum,  and 
superheat. 

Half  Load  and  Quarter  Load :  Piston  Engines.— In  order 
to  obtain  representative  curves  for  half  load  and  quarter  load, 
we  have  deduced  from  an  investigation  of  the  curves  in  Fig.  248, 
relating  to  the  engines  of  four  English  manufacturers,  the  result 
that  the  steam  consumption  in  kilograms  per  kilowatt-hour  at 
half  and  quarter  loads  may  be  taken  at  16  per  cent,  and  40  per 
cent,  respectively  above  the  values  at  rated  full  load.  Apply- 
ing these  values  to  the  standard  full-load  curve  of  Fig.  252, 
we    have    obtained    the    three    curves    drawn    in    Fig.     253, 
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and  shall  in  subsequent  comparisons  consider  these  as  repre- 
sentative values  for  the  steam  consumption  of  modern 
piston  engines  when  operating  under  the  specified  conditions 
of  an  absolute  admission  pressure  of  13  kilograms  per  square 
centimetre,  50°  C.  of  superheat,  and  a  vacuum  of  86*6  per  cent. 
(26  inches). 

Varying  Admission  Pressiire :  Piston  Enginea — We  have 
seen  in  Chapter  IV.  that  very  little  difference  is  effected  in 
the  steam  economy  of  the  Parsons  type  of  steam  turbine  by 
variations  of  the  admission  pressure,  and  we  believe  that  it  may 
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be  correctly  stated  that  most  of  the  types  of  steam  turbine, 
while  more  dependent  upon  the  admission  pressure  than  the 
Parsons  type,  are  much  less  dependent  upon  the  value  of  this 
factor  than  are  most  piston  steam  engines. 

To  investigate  this  point  of  the  dependency  of  the  steam 
consumption  of  the  modern  piston  engine  on  the  admission  pres- 
sure, we  have  obtained  from  two  leading  English  manufacturers  of 
piston  engines  their  estimates  of  the  relation  between  steam 
economy  and  admission  pressure.  Representing  as  100  the  steam 
consumption  under  our  standard  conditions  of  an  absolute 
admission    pressure  of    13   kilograms  per  square  centimetre,   a 
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superheat  of  50°  C,  and  a  vacuum  of  86'6  per  cent.,  then  for  the 
same  number  of  degrees  of  superheat  and  the  same  vacuum  the 
figures  representative  of  the  consumption  for  other  admission 
pressures  may  be  obtained  from  Fig.  254  for  the  piston  engines 
of  these  two  manufacturers.  We  propose  to  take  the  dotted  line 
as  representative  for  piston  engines  in  general. 

Varying  Superheat:  Piston  Engines. — As  to  the  efifect 
of  superheat  on  piston  engines,  we  have  compared  useful  data 
from  seven  firms.    This  data  has  been  embodied  in  the  curves  of 
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Fio.  255. — Piston  Engines :  Variations  in  Steam  Consumption  at  FuU  Load, 
with  Vailing  Superheats. 

13  Kgs.  per  Sq.  Cm.  Absolute,  86*6  per  cent.  Vacuum. 

Fig.  255,  and  the  dotted-line  curve  will  be  taken  as  representative 
of  the  effect  of  superheat  on  the  steam  consumption  of  piston 
engines  for  our  standard  conditions  of  admission  pressure  and 
vacuum. 

The  mean  is  replotted  separately  in  Fig.  256,  and  it  is  again 
plotted  in  Fig.  257,  in  terms  of  the  average  percentage  decrease 
in  steam  consumption  per  1"  Cent,  of  superheat  above  the 
temperature  of  saturated  steam.  It  should  be  noticed  that  the 
percentage  gain  by  superheat  is  well  sustained  up  to  very  high 
superheats,  and  hence  piston  engine  manufacturers  have  a  great 
incentive  to  adopt  for  a  given  pressure  as  high  a  steam  tempera- 
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ture  as  other  considerations,  such  as  those  relating  to  lubrication, 
permit. 

Varying  Vacuum :  Piston  Engines. — We  have  next  to  con- 
sider the  effect  of  the  degree  of  vacuum  on  the  steam  consumption 
of  the  piston  engine.  There  is  admittedly  less  gain  in  the  economy 
of  the  piston  engine  obtainable  by  improvement  in  the  vacuum 
than  for  the  steam  turbine.  A  further  limitation  relates  to  the 
design  of  the  low-pressure  cylinder  and  piston,  which  attain 
abnormal  dimensions  when  proportioned  for  a  high  vacuum.  In 
the  neighbourhood  of  the  standard  vacuum  which  we  have  adopted 
(86'6  per  cent.,  i.e.,  66  centimetres,  or  26  inches),  the  improvement 
in  the  steam  economy  of  the  piston  engine  with  higher  vacua  may 
be  taken  at  about  0*8  per  cent,  per  centimetre  improvement  in 
vacuum  (2  per  cent,  per  inch  of  vacuum),  or  about  0*6  per  cent, 
per  1  per  cent,  improvement  in  steam  consumption  for  the  range 
from  26  inches  to  28  inches  (ie.,  867  per  cent,  vacuum  to  ,93-3 
per  cent,  vacuum).  In  a  great  many  cases  the  gain  is  even 
smaller  than  this.  Thus  Weiss,^  in  his  experiments,  arrived  at 
the  formula — 

Decrease  in  steam  consump-^  g.g 

tion  in  per  cent,  per  cm.  >  =  xi: — f^ 

increase  of  vacuum  )      ^^^'  P^^^^®  ^^  ^^'  P®^  «^-  ^™- 

This  works  out  at  about  0*3  per  cent,  per  centimetre  for  normal  cases. 

The  formula  applies  to  compound  and  triple-expansion  engines. 

For    single-cylinder    machines    the    decrease    is    smaller    still, 

namely — 

17 

Abs.  pressure  in  Kgs.  per  sq.  cm. ' 

These  results  tend  to  show  that  we  certainly  do  not  underesti- 
mate the  influence  of  improved  vacuum  on  the  economy  of  piston 
engines  if  we  allow  a  2  per  cent,  decrease  in  steam  consumption 
in  going  from  86*6  per  cent,  vacuum  to  90  per  cent.,  and  a  further 
2  per  cent,  in  going  from  90  per  cent,  to  93*3  per  cent.  As 
already  mentioned,  the  reason  for  this  small  decrease,  compared 
with  the  theoretical  decrease,  lies  in  the  impossibility,  or  at  any  rate 
the  impracticability,  of  so  constructing  the  low-pressure  cylinders 
as  to  conform  to  the  conditions  entailed  by  the  low  vacuum. 

^  Dis  Turbine^  July  1906,  article  by  A.  Lapouche,  entitled  "  Einfluss  des 
Vakuums  auf  den  Dampfverbrauch  der  Dampfturbinen/' 
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The  losses  due  to  cylinder  condensation  play  a  very  important 
role,  and  the  cost  and  weight  of  the  whole  set  is  increased  con- 
siderably in  striving  to  make  the  best  use  of  so  very  good  vacua. 

Now,  with  this  data  for  the  effect  of  admission  pressure,  super- 
heat, and  vacuum  on  the  steam  consumption,  we  can,  from  our  mean 
curve  (Fig.  252)  for  piston  engines,  designed  for  our  standard 
conditions,  obtain  a  series  of  curves  of  full-load  economy  of  piston 
engines  designed  for  other  conditions.  Such  a  series  of  full-load 
steam-consumption  curves  is  given  in  Figs.  258  to  269. 


tS 


1.1 


a 

I 


I. 


I 


1 

Jin.  Abs. 
In.  Abs. 

\ 

\  1 

\ 

1 

' 

«, 

1 

4: 

-t  r 

t 

C'C  Suptrhetf.. 

■i 

1 

^ 

jii' * 

i 

i^ 

' 

1 

1 

1 

4 

A//o/i 

^Ck 

^ 

1 

' 

^ 


4» 


I 


'SC'C.S*4ftrAtat. 


H 


18, 


I 


n  /Tf/OfTtkUs 


[To/ace/).  388. 

7  Kijn.  per  Sq.  Cm.  Ahs. 
100  Lbs,  per  Sq.  In.  Abs. 


I 

•If 

h 

S 


\ 

5 

\^=======--E^-ask!c- 

1   ^   1   1   1  1    i  i 

Fig.  261. 


If 


'.Si 


^Siii 


too'C.Sufierhtaf. 


0  C  Su^f^at. 


SoTC  Superheat 


/^ed  Ot/t^t  in  /Xifo»y<»Us 
FlO.  265. 


1                                H^- 

1  -»al 

^«.^      1 

i^l-       ^^:Z ~~     Xl^Jaf 

§Jtf 

■^^ 

t^l 

IF 

8 

''      {\  \\\  \ii 

FlO.  269. 


to  tlte  four  figures  in  the  same  row. 


CHAPTER  XVI 

MEAN  RBPRBSBNTATIVB  RESULTS   FOR   STEAM  TURBINES,   AND 
COMPARISON   WITH  RESULTS  FOR  PISTON  ENGINES 

In  Chapters  III.  to  XII.  we  have  given  data  of  the  steam  con- 
sumption of  various  types  of  steam  turbines.  Of  these  types,  the 
results  of  such  a  large  number  of  tests  on  the  de  lAval  and 
Parsons  type  are  available,  that  it  is  practicable  to  embody  the 
conclusion  in  curves.^  When -reduced  to  the  standards  of  refer- 
ence which  we  have  chosen  for  this  purpose,  viz.,  an  admission 
pressure  of  13  absolute  metric  atmospheres,  86*6  per  cent,  vacuum, 
and  50  degrees  Cent  of  superheat,  we  obtain  for  full,  half,  and 
quarter  loads  respectively  the  results  shown  in  Figs.  270,  271, 
and  272. 

In  each  of  these  three  figures  we  have  drawn  a  dotted-line 
curve  of  what  we  consider  to  give,  for  practical  purposes,  a  fair 
representation  of  the  entire  set  of  results.  These  dotted  curves 
are  reproduced  in  the  three  curves  of  Fig.  273,  and  are  to  be 
taken  as  representative,  at  full,  half,  and  quarter  load  respectively, 
of  the  steam  consumption  of  steam  turbines  in  general,  for  the 
present  state  of  development.  The  corresponding  results  for 
good  piston  engine  practice  are  given  in  the  three  curves  of  Fig. 
274,  which  are  identical  with  those  in  Fig.  253  of  the  previous 
chapter.  In  Figs.  275,  276,  and  277,  relating  respectively  to 
full  load,  half  load,  and  quarter  load,  there  have  been  brought 
together  the  curves  for  steam  turbines  and  piston  engines,  corre- 
sponding to  the  standard  pressure,  temperature,  and  vacuum 
adopted  in  this  treatise. 

It  is  exceedingly  difiBcult  to  make  such  a  comparison,  owing 
to  the  individual  characteristics  of  the  various  types,  not  only 

'  A  curye  has  also  been  added  aettmg  forth  the  values    guaranteed    for   the 
Elektra  type. 
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Fio.  272.— Quarter  Load. 

Fios.  270,  271,  and  272.— Steam  Oonsumption  of  Steam  Turbines. 

13  Kgs.  per  Sq.  Cm.  Absolute,  50"  C.  Superheat,  86*6  per  cent  Vacuum. 
P= Parsons,  L=de  Laval,  E  =  £lektra. 


of  the  reciprocating  engines,  but  also  of  steam  turbines.  Never- 
theless, our  conclusions  have  only  been  deduced  after  a  very 
thorough  investigation,  and  we  consider  that  they  give  as  good 
a  general  comparison  between  the  two  great  classes  of  steam 
engines  as  can  at  present  be  arrived  at. 

Before  we  develop  for  steam  turbines  a  series  of  curves, 
similar  to  those  of  Figs.  258  to  269  representing  piston  engines, 
we  must  consider  the  influence  of  admission  pressure,  superheat, 
and  vacuum  on  the  steam  consumption  of  steam  turbines.  The 
question  has  already  been  considered  in  the  previous  chapters  for 
some  of  the  types  of  turbines. 

For  the  purpose  of  comparison  between  piston  engines  and 
turbines  as  two  classes  of  steam  engine,  as  regards  their  respective 
steam  economies,  we  have  decided  to  confine  ourselves  to  the 
Parsons  steam  turbine,  since  the  data  and  test  results  on  this 
type  are  far  more  exhaustive  than  those  on  any  other ;   also  the 
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Fio.  274. — Modern  Piston  Engines. 

Figs.  273  and  274. — Representative  Steam  Consumptions  for  Turbines 
and  Modern  Piston  Engines. 

18  Kgs.  i»er  Sq.  Cm.  Absolute,  50*  C.  Superheat,  866  per  cent.  Vacuum. 

range  of  capacity  over  which  tests  have  been  made  is  greater. 
From  these  and  other  considerations,  this  type  of  steam  turbine 
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has  been  chosen  as  most  suitable  for  the  purpose  of  comparison 
with  piston  engines  as  a  class. 

The  economy  of  the  Parsons  type  of  turbine  is  influenced  but 
very  slightly  by  variations  in  steam  admission  pressure  ;  so  slightly, 
in  fact,  as  to  render  a  diagram  representing  this  influence  of  very 
little  value. 

In  deriving  curves  of  steam  consumption  for  other  than  our 
standard  conditions  of  pressure,  superheat,  and  vacuum,  we  have 
proceeded  as  follows : — 

The  effect  of  varying  admission  pressure  is  taken  in  accordance 
with  the  conclusions  at  which  we  arrived  as  the  result  of  our 
investigation  of  the  Parsons  type  of  steam  turbine. 

From  these  values  the  following  rate  of  variation  was  estimated 
and  assumed : — 

Decreasing  the  absolute  admission  pressure  from  16  kilograms 
to  13  kilograms  per  square  centimetre  increases  the  steam  con- 
sumption by  1  per  cent. 

Decreasing  the  absolute  admission  pressure  from  13  kilograms 
to  10  kilograms  per  square  centimetre  increases  the  steam  con- 
sumption by  2  per  cent. 

Decreasing  the  absolute  admission  pressure  from  10  kilograms 
to  7  kilograms  per  square  centimetre  increases  the  steam  con- 
sumption by  4  per  cent. 

The  influence  of  superheat  on  the  steam  consumption  of  the 
Parsons  type  of  turbine  is  shown  in  Fig.  278  (reproduced  from 
Fig.  118). 

Fig.  279  shows  the  effect  of  vacuum  on  steam  consumption 
of  the  Parsons  turbine,  and  is  derived  from  Fig.  110. 

Yrom  this  data  we  have  derived  the  sets  of  curves  in  Figs.  280 
to  291  inclusive. 

CompariBons :  Piston  Engines  and  Steam  Turbines.— 
In  Figs.  292  to  299  have  been  brought  together,  for  the 
purpose  of  comparison,  the  full-load  steam-consumption  curves 
for  piston  engines  and  steam  turbines,  derived  from  the  sets  of 
curves  in  Figs.  258  to  269  and  Figs.  280  to  291.  In  the  set  of 
curves  in  Figs.  292  to  295  the  steam  consumptions  have  been 
considered  only  under  the  extreme  conditions  considered,  namely, 
absolute  admission  pressures  of  16  kilograms  and  7  kilograms  per 
square  centimetre,  vacuum  of  93*3  per  cent,  and  86*6  per  cent.,  with 
superheats  of  50°  C.  (Figs.  292  to  295)  and  of  100^  C.  (Figs.  296 
to  299). 

Before  proceeding  to  discuss  or  draw  any  conclusions  from 
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this  set  of  curves,  it  would  be  well  to  describe  briefly  the  curves 
represented  in  F^s.  300,  301,  and  302.     Throughout,  the  com- 
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Fig.  276.— Half  Load. 


parisons  have  been  drawn  between  the  full-load  steam  consumptions 
only  of   piston   engines  and  steam  turbines.     In  Figs.  300,  301, 
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and  302,  however,  an  attempt  has  been  made  '^to  represent  in 
diagrammatic  form  the  increase  in  steam  consumption  with  the 
decrease  of  load.  The  abscissae  indicate  the  load,  the  ordinates 
representing  the  steam  consumption  as  a  percentage  of  that  at 
fully-rated  load. 

Fig.  300  is  confined  to  modern  piston  engines.  There  are 
eight  curves  in  all,  representing  the  consumptions  of  nine  different 
engines,  ranging  in  capacity  from  30  kilowatt  to  1600  kilowatt. 
In  addition  to  the  actual  consumption  curves,  two   limit-curves 
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Fig.  277.— Quarter  Load. 

Figs.  275,  276,  and  277.— Coini>arison  of  Representative  Steam  Consumptions, 
Turbines  and  Piston  Engines. 

Our  Standard  Conditions :  13  Egs.  per  Sq.  Cm.  Absolute,  50**  C, 
86-6  per  cent  (26  Ins.). 

have  been  drawn,  fairly  representing  what  may  generally  be 
considered  as  the  highest  and  lowest  steam  consumptions  at 
various  loads. 

A  few  words  concerning  curve  IX  of  Fig.  300  will  not  be 
out  of  place  at  this  point.  Curve  IX  is  for  a  1600  kilowatt 
engine  by  Mlntosh  &  Seymour,  and  it  will  be  noticed  from 
the  shape  of  the  curve  that  the  minimum  steam  consumption 
occurs  when  the  engine  is  running  at  about  \  load. 

Fig.  301  contains  similar  curves  for   steam  consumptions  of 
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steam  turbines  ranging  from  260  kilowatt  to  4000  kilowatt  out- 
put. On  account  of  certain  difficulties  previously  mentioned, 
only  the  Parsons  type  has  been  considered.  In  this  figure,  as  in 
Fig.  300,  upper  and  lower  limit-curves  have  been  drawn. 

In    Fig.   302  the  limit-curves   of   Figs.   300  and   301   have 
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Fig.  278. — Variations  iii  Steam  Consumption  with  Varying  Superheat, 
Parsons  Turbines.     (From  Fig.  118.) 


been  replotted,  the  dotted  line  representing  piston  engines,  the 
full  line  steam  turbines.  The  areas  enclosed  have  been  shaded 
with  vertical  and  horizontal  lines  respectively. 

From  this  dis^am  it  is  obvious  that  there  is  practically  no 
difference,  so  far  as  relates  to  these  sets  of  tests,  as  regards  the 
percentage  of  steam  consumption  at  full  load  between  the  two 
types  of  steam  engines.  This  diagram  is  instructive,  inasmuch  as 
it  indicates  graphically  within  what  limits  the  steam  consumption 
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at  various  loads,  expressed  as  a  percentage  of  the  full-load  con- 
sumption, can  be  expected  to  lia 

Eetuming  now  to  Figs.  292  to  299,  it  should  be  noticed  that, 
under  the  conditions  of  a  good  vacuum  and  a  low  admission 
pressure,  the  steam  turbine   has   certainly  an   advantage    over 
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Fio.  279.  — Percentage  Decrease  in  Full  Load  Steam  Comsumption  of  Parsons 
Turbine  per  1  per  cent.  Increase  in  Vacuum.     (From  Fig.  110. ) 

the  piston  engine.  Generally  speaking,  the  highest  steam 
economies  have  been  obtained  with  piston  engines,  though,  at  the 
same  time,  a  point  very  little  inferior  has  been  reached  by 
turbines  when  working  under  favourable  conditions.  As  can  be 
seen  from  the  set  of  figures  Nos.  292  to  299,  and  also  by 
reference  to  figures  previously  given,  it  is  a  notable  fact  that  the 
employment  of  superheat  has  a  considerably  greater  influence  on 
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Figs.  296  to-299.— ^mparison  of  Full  Load 

Piston  Engines  :  Dotted  Lines. 

(These  Curves  derived  from  Figs.  258 
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Fio.  300.— Modern  Piston  Engines. 


Lomd 
Fig.  801.— Parsons  Turbines. 

Fios.  800  and  801. — Steam  Consumption  at  Various  Loads  for  Modem  Piston 
Engines  and  Parsons  Turbines  as  a  Percentage  of  the  Full-Load  Consumption. 
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the  steam  consumption  in  the  case  of  piston  engines  than  in  that 
of  steam  turbines.  With  vacuum,  however,  the  reverse  is  the 
case,  the  steam  economy  of  the  turbine  being  more  beneficially 
affected  by  a  high  vacuum  than  is  the  economy  of  the  piston 
engine. 

The  forecasting  of  the  future  as  regards  the  steam  engine, 
whether  of  the  turbine  or  reciprocating  type,  is  by  no  means  an 
easy  matter;  but  one  thing  is  certain,  that  their  relative  positions, 
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Fio.  302.— Figs.  300  and  301  superimposed. 

Piston  Engines  :  Dotted  Line  and  Vertical  Shading. 
Parsons  Turbines :  Full  Line  and  Horizontal  Shading. 

SO  far  as  relates  to  steam  consumption,  will  in  the  future  depend 
to  a  very  large  extent  upon  the  amount  to  which  their  above- 
named  especial  characteristics  are  developed  and  utilised. 

The  peculiar  characteristic  of  the  steam  turbine,  in  being  but 
slightly  dependent  upon  the  admission  pressure,  undoubtedly 
opens  a  path  for  the  future  deviating  from  that  along  which  the 
development  of  the  piston  engine  will  advance.  The  probable 
tendency  in  future  designs  of  steam  turbine,  for  large  sizes  at 
any  rate,  will  be  to  reduce  the  admission  pressure,  and  therefore 
the  absolute  temperature,  thus  permitting  of  a  greater  range  of 
superheat,  and   removing  to   some  extent  the    diflBculties   now 
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encountered  arising  from  dealing  with  high  temperatures.  In 
the  case  of  the  piston  engine,  whose  steam  economy  is  so  greatly 
affected  by  the  admission  pressure,  the  amount  of  superheat  used 
is  limited,  on  account  of  the  very  high  temperatures  to  be  dealt 
with,  owing  to  the  high  admission  pressure. 

On  the  grounds  of  the  utilisation  of  high  vacuum,  there 
are  certain  obstacles  in  the  way  of  the  development  of 
the  steam  turbine,  consequent  on  the  necessity  of  more  perfect 
condensing  plant.  The  initial  outlay  would  thus  be  consider- 
ably increased,  though  there  doubtless  will  follow  a  considerable 
advancement  in  the  design  of  condensers,  both  as  regards  efficiency 
and  cost. 

So  far,  these  remarks  have  related  only  to  steam  economy, 
though  for  an  absolute  comparison  there  are,  of  course,  many 
other  points  which  call  for  consideration.  An  exhaustive 
investigation  from  this  point  of  view  will  not  be  attempted,  but 
there  is  the  question  of  oil  economy,  which  affects  the  cases  both 
of  piston  engines  and  steam  turbines,  and  is  worthy  of  mention 
at  this  juncture.  In  districts  where  the  cost  of  coal  is  1 2s.  per 
ton,  the  cost  of  oil  will  generally  amount  to  some  8  per  cent,  of 
the  cost  of  coal  in  the  case  of  good  modern  piston  engines.  It  is 
claimed  that  for  the  operation  of  steam  turbines  the  outlay  for 
oil  will  be  reduced  to  an  almost  negligible  amount  (05  per  cent, 
to  2  per  cent.).  If  we  take  it  at  3  per  cent,  for  a  district  where 
coal  costs  ]  2s.  per  ton,  there  remains  a  5  per  cent,  advantage  for 
the  steam  turbine  as  far  as  relates  to  the  combined  outlay  for 
coal  and  oil.  Hence  the  steam  turbine  can  afford  to  have  an 
inferiority  of  5  per  cent,  in  steam  consumption. 

It  is  too  early  as  yet  to  attempt  to  arrive  at  any  useful  con- 
clusions as  to  the  relative  rates  of  depreciation  of  the  two  types 
of  engine. 

Figs.  292  to  299  give  a  comparison  between  piston  engines 
and  steam  turbines  as  regards  their  respective  steam  consumptions, 
but  regarding  the  comparison  from  another  standpoint,  namely, 
that  of  commercial  efficiency,  a  series  of  curves  has  been  plotted 
in  Figs.  303  to  310.  In  the  first  place,  a  definition  of  the 
precise  meaning  of  this  term,  'commercial  efficiency,'  as  used 
here,  should  be  given. 

Taking  into  consideration  the  absolute  pressure  with  the 
corresponding  saturation  temperature,  and  also  the  amount  of 
superheat  used,  the  number  of  heat  units  per  kilogram  of  steam 
required  was  calculated.     Taking  the  value  of  the  steam  consumed 
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for  a  certain  output  (obtained  from  curves  of  Figs.  292  to  299) 
from  our  previous  calculation  of  the  number  of  heat  units  per 
kilogram  of  steam,  we  can  obtain  the  total  number  of  heat  units 
required  for  that  particular  output.  Having  reduced  this  value 
to  work  units,  such  as  kilowatt-hours,  the  commercial  efficiency  in 
per  cent,  can  be  obtained,  and  takes  the  form  of  the  expression — 

Output  in  kilowatt-hours  x  100 


Number  of  kilowatt-hours  communicated  to  the  feed  water ' 

The  value  of  this  expression  gives  us  the  commercial  efficiency 
in  percentage  of  the  particular  output  considered.  By  these 
means  the  commercial  efficiency  curves  of  Figs.  303  to  310, 
both  for  piston  engines  (dotted  lines)  and  steam  turbines  (full 
lines),  have  been  plotted. 

In  these  calculations,  of  course,  no  question  of  boiler  and 
furnace  efficiencies  have  been  dealt  with,  there  being  no  reason 
why  these  should  differ  in  any  respect  in  the  cases  either  of 
piston  engines  or  of  steam  turbines,  further  than  the  consideration 
that  in  the  turbine  the  steam  nowhere  comes  into  contact  with 
oil,  and  may  thus  be  returned  to  the  boiler  more  free  from 
impurities,  the  boiler  consequently  being  more  readily  maintained 
in  a  condition  permitting  of  high  efficiency. 

This  set  of  curves  (Figs.  303  to  310)  perhaps  bring  out  more 
clearly  the  distinctive  characteristics  and  properties  of  the  two 
types  of  steam  engine.  By  an  examination  of  the  commercial 
efficiency  curves,  we  can  appreciate  the  relative  effects  of 
admission  pressure,  vacuum,  and  superheat.  As  shown  before  by 
the  steam-consumption  curves,  we  can  see  that  as  regards  increase 
of  admission  pressure  the  economy  and  the  consequent  efficiency  is 
more  benefited  in  the  case  of  the  piston  engine,  the  improvement 
being  scarcely  appreciable  with  steam  turbines.  With  superheat, 
also,  the  commercial  efficiency  of  piston  engines  is  improved  to  a 
greater  extent  than  is  that  of  the  steam  turbine.  With  vacuum, 
however,  the  results  of  improving  this  condition  are  reversed,  it 
having  a  much  more  beneficial  effect  with  steam  turbines  than  in 
the  case  of  piston  engines. 

Still  another  comparison  has  been  drawn  up  in  Figs.  311  to 
318.  These  curves  have  been  plotted  in  order  to  show  how 
the  commercial  efficiencies  of  piston  engines  and  steam  turbines 
improve  with  the  increase  of  admission  pressure  under  various 
conditions  of  superheat  and  vacuum.  The  axis  of  abscissse  of 
each  curve  is  scaled  to  represent  the  absolute  admission  pressure 
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F108.  303  to  806. — Comparisons  of  CommerciAl  Effidencies  at 
At  two  Admission  Pressores  and  two 
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Figs.  307  to  310.— Comjiarisous  of  Commercial  Efficiencies  at 
At  two  Admission  Pressures  and  two 
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Fio.  319. — Piston  Engines. 
Figs.  819  and  320. — Kepresentative  Steam  Consumptions 
All  full  lines  are  on  our  Standard  Conditions :  1 3  Kgs.  Abs. ; 
Dotted  Curves :  see  Table  above. 

in  kilograms  per  square  centimetre,  the  ordinates  indicating  the 
commercial  efficiency  in  percentage. 

These  curves  have  been  plotted  from  the  efficiency  curves  of 
Figs.  303  to  310,  and  also  from  the  steam-consumption  curves  of 
Figs.  258  to  269  and  Figs.  280  to  291. 

Examining  this  series  of  curves,  it  is  evident,  by  the  comparison 
of  the  mean  slope  of  the  curves  for  piston  engines  and  that  of  the 
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curves  for  steam  turbines,  that  admission  pressure  has  a  much 
greater  effect  on  piston  engines  than  on  steam  turbines.  While 
in  both  cases  the  efficiency  improves  as  the  admission  pressure 
increases,  this  improvement  is,  in  the  case  of  the  steam  turbijie, 
very  sl^ht  indeed. 

It  will  also  be  noticed  that  in  the  case  of  piston  engines  the 
two  highest  efficiencies  are  obtained  with  100°  C.  (in  our  curves) 
superheat,  while  the  effect  of  vacuum  is  not  so  marked  as  with 
steam  turbines.     Consider  Fig.  316,  for  example: — 
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60''  C. ;  86-6  per  cent. ;  185  Lbs.  Abs. ;  90°  F. ;  26  Ins. 


Here  we  see  that  keeping  the  vacuum  at  86*6  per  cent,  and 
increasing  the  amount  of  superheat  from  SO""  C.  to  100°  C.  causes 
but  slight  improvement  in  the  commercial  eflBciency.  Now, 
considering  curves  C  and  B,  we  see  that  increasing  the  vacuum 
from  86*6  per  cent,  to  93-3  per  cent.,  at  the  same  time  decreadifig 
the  amount  of  superheat  by  50°  C,  results  in  a  very  considerable 
increase  in  the  commercial  efficiency. 
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These  curves,  therefore,  again  bring  out  the  salient  character- 
istics peculiar  to  the  two  types  of  steam  turbines  as  regards  the 
effects  of  admission  pressure,  vacuum,  and  superheat  on  their 
respective  commercial  eflSciencies. 

Figs.  319  and  320,  though  not  the  result  of  comparisons 
previously  made,  should  prove  to  be  of  some  interest.  In  Fig. 
319  is  plotted  a  set  of  curves  (full  lines)  representing  the  steam 
consumption  under  our  standard  conditions  of  13  kilograms 
absohite  admission  pressure,  86*6  per  cent,  vacuum,  and  superheat 
of  50°  C,  at  various  loads  of  piston  engines  of  particular  capacities, 
derived  from  curves  in  Fig.  253.  The  capacities  indicated  are 
100  kilowatt,  400  kilowatt,  1000  kilowatt,  3000  kilowatt,  and 
5500  kilowatt. 

In  addition  to  these,  three  curves  for  individual  piston  engines 
are  shown  in  dotted  lines.  A  small  table  is  attached,  from  which 
the  particulars  concerning  these  three  engines  can  be  obtained. 
It  will  be  seen  that  the  trend  of  these  curves  is  the  same  as  that 
of  the  full-line  curves  which  have  been  derived  from  our  original 
steam-consumption  curves  of  Fig.  253. 

Curve  III.  here  represents  the  engine  which  is  indicated  in 
Fig.  300  by  curve  IX.,  concerning  which  a  few  remarks  have 
already  been  made.  This  type  of  engine,  met  with  most  commonly 
in  the  United  States,  is  so  designed  and  constructed  that  the 
maximum  steam  economy  occurs  at  loads  not  above  f  of  full 
load. 

Fig.  320  is  similar  to  Fig.  319,  and  comprises  steam-consump- 
tion curves  at  various  loads  of  turbines  of  capacities  of  100 
kilowatt,  400  kilowatt,  1000  kilowatt,  3000  kilowatt,  and  5500 
kilowatt.  The  curves  in  this  figure  have  been  derived  from 
those  of  Fig.  273,  which  represent  means  for  steam  turbines 
generally. 

In  Fig.  321  these  sets  of  curves  have  been  brought  together 
into  one  diagram,  in  order  to  make  comparison  more  easy  as 
regards  the  relative  steam  economies  of  piston  engines  and 
turbines  generally,  at  various  outputs.  In  this  diagram  the 
dotted-line  curves  represent  piston  engines  and  the  full-line 
curves  represent  turbines.  It  is  important  to  note,  however,  that 
throughout  the  previous  comparisons  steam  turbines  have  been 
represented  by  the  Parsons  type,  whereas  in  the  comparison 
shown  in  Fig.  321  the  curves  were  obtained  from  those  of 
Fig.  273,  which  represent  means  for  steam  turbines  as  a 
class. 
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On  examining  Fig.  321  it  is  evident  that  for  small  capacities 
up  to  about  1000  kilowatt  output  the  piston  engine  is  considerably 
more  economical  with  steam  than  the  turbine,  while  at  the 
higher  capacities  the  steam  turbine  shows  a  slight  superiority. 

These  characteristics  have  been  brought  forward  and  illustrated 
on  several  previous  occasions  in  this  treatise. 

Direct  comparisons  of    the  effect  of    good  vacuum   on  the 
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Fio.  321. —Comparison  of  Representative  Steam  Consumptions  under  our 
Standard  Conditions.     (From  Figs.  819  and  820.) 

Dotted  Lines  aro  Piston  Engines.     Full  Lines  are  Steam  Turbines. 

commercial  efficiencies  of  steam  turbines  at  two  pressures,  7  and 
16  metric  atmospheres  absolute  (100  and  225  lbs.  per  sq.  in.), 
and  with  50°  and  100'  Centigrade  superheat  (90''  F.  and  180°  F.) 
are  more  readily  made  in  Figs.  322  to  325,  where  the  full  line 
curves  of  Figs,  303  to  310  are  brought  together  in  pairs. 

Comparisons  of  steam  consumptions  with  50°  Centigrade 
superheat  (90**  F.)  at  two  pressures  and  two  vacua  can  be  made 
from  Figs.  326  to  829;  and  with  100°  C.  superheat  (180°  F.)  from 
Figa  330  to  333. 
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FiOB.  322  to  325.— Comparisons  of  Commercial  Efficienoies  of  Steam  Tarbines 
16  Kgs.  per  Sq.  Cm.,  Vacua  of  86*6  per  cent,  and  93*3 
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Fig.  823. 
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Fig.  325. 

under  the  Extreme  Conditions :  Absolute  Admission  Pressures  of  7  Kgs.  and 
{ler  cent ,  with  Superheats  of  60*  and  100"  Centigrade. 
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Fios.  826  to  829. — Comparisons  of  Full-Load  Steam  Consumptions  of  Steam  Turbines 

per  Sq.  Cm.,  Vacua  of  86*6  per  cent  and  98 '3 
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IV. 


under  the  Extreme  Conditions  :  Absolute  Admission  Pressures  of  Id  Egs.  and  7 
per  cent.,  with  a  Superheat  of  50**  Centigrade. 
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FiGB.  330  to  333.— Com|)ariBODs  of  Full -Load  Steam  Consumptions  of  Steam  Turbines 

per  Sq.  Cm.,  Vacua  of  86*6  per  cent,  aud  93*8 
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under  the  Extreme  Conditioiis  :  Absolute  Admission  Pressures  of  16  Egs.  and  7  Egs. 
per  cent  I  with  a  Superheat  of  100**  Centigrade. 


CHAPTER  XVII 

Steam  Pressure,  Superheat,  and  Vacuum  in  Plants 
IN  Operation 

To  select  the  most  economical  plant  which  fully  provides  for 
operation  without  inconvenience  to  consumers,  and  without 
unnecessary  demands  upon  the  operating  and  maintenance  staffs, 
requires  a  thorough  acquaintance  with  all  that  has  been  done  in 
this  direction. 

In  parallel  columns,  for  facility  of  comparisons,  various  details 
of  steam  turbine  and  reciprocating  plants,  reduced  to  as  simple 
units  as  possible,  have  been  arranged,  dealing  with  all  sizes  of 
units  in  existence  and  all  capacities  of  plants.  And  these  will 
form  a  nucleus  and  a  systematic  outline  for  further  additions  to 
this  data. 

The  practical  value  of  such  an  arrangement  of  data  has  been 
demonstrated  by  years  of  use  of  similar  accumulations  of  figures, 
based  on  the  experience  of  the  authors  in  the  design  and  operation 
of  power  plants,  and  on  their  studies  of  the  designs  of  other 
engineers. 

The  writers  endeavoured  to  accumulate  data  on  steam-pressure, 
superheat,  and  vacuum  in  power  stations,  using  all  types  of  steam- 
driven  generators,  as  well  as  data  on  the  power  consumed  by 
auxiliaries  in  each  type  of  plant,  by  asking  every  Chief  Engineer  to 
give  answers  to  a  printed  list  of  questions. 

The  Post  Office  held  back  most  of  the  inquiries  to  foreign 
engineers,  because  they  ruled  it  illegal  to  enclose  in  an  unsealed 
envelope  a  stamped  envelope  to  prepay  the  reply  postage  on  the 
printed  forms.  The  envelopes  for  England  were  then  sealed.  As 
so  few  replies  were  received,  and  as  considerable  variations  in  the 
interpretations  put  upon  the  questions  would   have  necessitated 
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revising  and  supplementing  them,  it  was  decided  not  to  go  further 
at  present  with  those  questions. 

Acknowledgments  are  expressed  in  the  Preface  to  those  Chief 
Engineers  and  Managers  who  kindly  furnished  the  particulars 
summarised  of  plants. 


Tablb  CIL— Phessurb  Superb  rat  and  Vacuum, 

Summary  of  85  named  Turbine  Plants  in  Tables  (CIII.). 

„  51      ,,     Reciprocating  Plants  in  Table  (CIV.). 
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1    Engines  Condensere. 
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6 

1 
S 

a 

i 

1 
1 

i 

2 
1 

i 

2 

2 

1 

s 

i 

t 
1 

2 

u 

a 

1 

TurUnetwith:- 
Saiface  Condensers 

Barometric  . 

Jet       .       .        . 

16 

1 

s 

•• 
1 

8 

3 

12 
2 

8 

1 

3 
1 

3 

12 

1 

5 

1 

1 

•• 

1 

none 

11 
1 

ToUJs  of  above  Tnr-  \ 
bine  Plants  .        ./ 

6 

17 

6 

0 

7 

2 

14 

8 

1 

8 

7 

13 

6 

1 

0 

1 

0 

14 

!  Reciprocating  irith:— 
Surface         .       . 

Barometric  . 

Jet       .        .       .    1 

E;iector .       . 

Reciprocatlnff   Non-\ 
condensing  .        ./ 

5 
S 

1 

19 

6 
8 

1 

8 

1 
2 

2 
3 

•• 

1 

1 

11 

1 
2 

1 

8 
1 

10 

4 
2 

4 
2 

1 
8 

2 

3 
2 

8 

1 
4 

1 

9 
2 

8 
2 

4 

• 

9 

1 

Totals  of    Recipro-\ 
eating  Plants       .  / 

8 

28  '  11 

I 

4 

0 

0 

1 
1 

15 

9 

16 

10 

2 

6 

14 

11 

5 

4 

10 

Taking  here  the  stations  referred  to  in  order  of  total  rated 
output  of  plant  installed,  we  give  pressure,  superheat,  and  vacuum 
in  each  of  the  following  turbine  stations. 
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Mr  J.  E.  Bibbins  put  before  the  American  Street  Railway 
Association  ^  a  summary  of  an  investigation  of  the  general  practice 
as  to  pressure,  superheat,  and  vacuum  in  forty-six  unnamed  plants, 
using  or  installing  a  single  type  of  steam  turbine,  the  Westinghouse 
Parsons.  It  is  not  possible  to  say  how  many  of  the  Westinghouse 
plants  included  in  Tables  CIII.,  CIV.,  were  in  Mr  Bibbins' 
summary,  of  which  we  repeat  certain  details  in  Table  CV. 


Table  CV.— Prbssurb,  Superheat,  and  Vacuum. 

A  Summary  of  forty-six  unnamed  Westinghouse  Steam  Turbine  Plants,  investigated 
by  Mr  J.  R.  Bibbins,  Airurican  Street  RaUtoay  Associatiafif  Oct.  1904,  Table  B, 
p.  201. 

The  figures  represent  the  number  of  plants  working  under  conditions  stated  at 
the  head  of  each  column,  of  capacity  and  for  the  purpose  stated  on  the  left  hand. 


^  Report  of  American  Street  Railway  Association,  St  Louis  Meeting,  Oct. 
1904,— "Steam  Turbine  Power  Plants." 


CHAPTER  XVIIl 

CONDENSKRS 

A  LIMITED  amount  of  data  on  the  condensers  used  with  some  of 
the  plants  mentioned  in  Tables  CIII.  and  CIV.  is  tabulated 
below. 

The  conditions  under  which  each  station  is  placed  with 
reference  to  condensing  water  largely  determines  the  type  and 
size  of  condensing  plant ;  but,  in  the  absence  of  complete  infor- 
mation, it  is  of  interest  to  compare  the  surface  of  condensers  per 
rated  kilowatt  of  plant;  also  the  relation  between  condenser 
surface  and  boiler  heating  surface,  and  the  pounds  of  steam 
condensed  per  hour  by  each  square  foot  of  cooling  surface  in  the 
condensers. 

Elztra  Cost  of  High  Vacuum.  —  Steam  turbine  manu- 
facturers are,  naturally,  continually  drawing  attention  to  the 
advantages  derivable  from  high  vacuum  and  superheat,  and  the 
question  is  as  often  raised  as  to  the  increased  cost  of  plant  and  of 
running  expense. 

The  reduction  in  steam  consumption  due  to  increase  in  vacuum 
and  in  superheat  has  been  investigated  in  the  chapters  on  Parsons 
and  de  Laval  turbines,  and  a  few  inst-ances  mentioned  of  tests  in 
this  connection  on  other  types  of  turbines.  It  remains  for  atten- 
tion to  be  turned  to  the  economy  of  installing  plant,  at  increased 
cost,  for  producing  the  higher  vacuum. 

Mr  J.  E.  Bibbins  calculated  three  cases  of  a  2000  kilowatt  plant 
in  which  the  condenser  equipment  to  give  28  inches  vacuum  costs 
£800  ^  more  (£0-4  per  rated  kilowatt)  than  an  equipment  which 
would  give  only  26  inches  vacuum.    See  p.  434,  Table  CXI. 

^  The  extra  ooet  is  stated  by  Mr  Bibbins.  For  total  cost  of  other  plants  see 
Table  VII.,  p.  8,  items  28  to  30. 
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Table  CVI.  — Stkam  Tuebines 
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Chelsea,  Leto  Bd.  . 
Port  Dnndas,  Glasgow . 
Qninoy  Point,  TT.S.A.    . 


Ouitis  Turbine  at  St  Louis 

Exhibition  1908 
Los  Angeles,  XT. 8. A. 

St  Kaiylebone,  London . 
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Blherfeld 
Briitol   .... 

Brimsdo'wn 

StPancras 

English  M'Konna  Co.  . 

Harrogate  .{ 

Broad    Street,    Johns-    ; 
town,  Pa.,  U.S.A.  \ 

Scarborough  . 
Rugby    . 


Steam 
Generator. 


Shipley  . 
Kidderminster 


■{ 


1 

11 

;s 

II 

^ 

5 

5,500 
3,000 
2,000 

2,000 

2,000 

20-6 

2,000 
1,800 
1,500 
1,600 

19-8 
17-5 

1,500 
1,500 
1,250 

16*4 
21 

1,000 

1,000 

l^XX) 

under  17 

1,000 
750 
750 
300 


500 
800 
150 


22-6 

24 
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Manhattan  (Elevated), 
New  York) 


Interboro'  Rapid  Tran- 
sit Subway,  New  York 
(see  also  2  above) 

MotherweU  Clyde  Valley 
E.S.  Co. 

Neaaden,  London,  Metro- 
poIlUn  Ry.  Co. 

Manchester  Corporation 


lx450\ 
3x240/ 
300 


5,000 


5,000 


8,500 

1,500 


Surface  Condensers  in  Table  CVI. 

1  Surface  of 

s 

Rated 

1       each. 

1.. 

Capac 

.tr 

Maker. 

Number. 
Total  sq.  feet. 

1 

gOQ 

Number  of  times  W 
passes  full  lengtt 

1 
I 
5 

n  a 

Simpson 
(See  Fig.  384) 

8 

15,000 

2-7 

35% 

Ic.c. 

11,000 

8-7 

5 

8,500 

4-2 

57% 

" 

1     Wheeler 

1 

2 

6,000 

8 

80;/ 
oil  fuel 

6-8 

2 
2 

3,000 

2" 

48% 

8-'7 

2 

6,150 

411 

•• 

8c.c. 

40,000 

•• 

MLrrlees 

8 

4,600 

8 

52% 

4 

5-4 

4 
8 

4,500 
4,U0O 

8 

4 

52% 

4 

87,000 

8-2 

Mirrlees- 

12,000 

Wateon 

Mirrlees- 

3 

2,500 

2-5 

33% 

26,000 

10 

Watson 

Wiiiaus 

3 

2,500 

X3 

Allen 

1 

2,600 

3-4 

Parsons 

1 

2 
2 

1 

2,000 

1,200 

400 

4 
4 
2-6 

M.  W.  Co. 

••{ 

2  CO. 
Test  at 

11,000 
8,400 

Cole  M.  &  M. 

{I 

1,200  \ 
1,000/ 

1-9 

••{ 

Test  at 
Test  at 

10,000 
10,000 

Parsons 

2 

.. 

Table  CV II.— Some  Turbines  and  Engines 


Shieldhall,  Glasgow 


/  13x400  \ 
•\|lx250/ 


18  per  Worthingtoii     16 

LH.P.  andl50U.p. 
guar-  motor 

anteed 


lG-5 


I 

Alberger  A     18 
150  H.p.  motor 

Mirrlees- 
WataonCo. 


WillansA 

Robinson 

Mirrlees- 

Watson  Co. 


Nil. 


Nil. 


80.000 


148*000 


1  Yoker  1  inch  tubes  14*6  feet  long. 


c.c.  means  (counter  Current. 
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WITH  Surface  Condensers. 


81  I 

16   ; 


11    ' 

10  I 


IS 

20 


80 


Vacnam. 


1^ 

i 

1 

« 

s 

M 

26  to  27 

80 

28  to  29-6       80 


29 


28 


17A       26  to  27 


27-6 

29 

28-6 

27-8 
26*8 
271 
27-6 
28-8 
26-1 
26-2 


29-0 


I  80 
80 


80 


80 

29-76 

29-76 


29 
29-7 
29-8 
29-96 
29-77 
29-77 
I  80 


AirPompB. 


?S5 


Circulating  Pninpe. 


25  amp.  per 

pha8e,8pliaBe8. 

870  Tolta  per 

phase. 


21  K.W. 


6K.W. 


4-2  K.W. 
4K.W. 


10  E.H.1'. 


i 

"3 

a 


80 


I  24  28 

WITH  Barometric  Jet  Condensers. 


86 

28 

35 

26 

4 

27 

S7 

25 

38 

26 

80 


80 
29-6 


60  amps,  per  phase. 
870  volts. 

62K.W. 


18-6  K.W. 


27  27-6  K.W. 

6        I      6-6  K.W. 

8        I 


Percentage  of  Bated  Output 
of  Main  Generator  used  by 


2-7  B.H.P. 
See  Air  Pump. 


r90  H.P.  Jet  original 
arrangement. 

70  H.P.  barometric 
revised  arrange- 
ment. 

6  H.P.  dry  air  pump 


I 


1-4 
1- 


0-6 


0-6 
0-5 


1-6 


I 


5 
3-1 


1-9 


3-71 
0-9 


0-9 


0-6 


1  8*7  K.W.  include  lift  pump. 


Items  1, 4,  6,  9, 10, 11,  17a,  18,  27,  82.    See  also  Chapter  xzli. 
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Table  GVIIL— Soms  Turbines  and 


steam 
Generator. 


|3 


Lowell,  Boston  and  N.  j    \^ 
StKy.Co. .       .       .|   ^'^ 

Xiddlesboro'  . 


8talybrldge    . 
Oloncester 


21-6 
22*2 
400    I      28 
eoo    ,     M-6 


600 
300 


19 
24*8 


86 

50 
&6 

68 

20 

Paisley  .       .       . 

Wolverhampton   . 

Burnley 
Harrogate 

22 

Middlesboro*. 

76 

Worthing 

Metr.  St.  Ry.,  Kansas 
City 


(lOOOB. 

H.P.) 

800K.W. 

600K.W. 

820 
800 
300 
800 
100 
260 


8,000 


Pinkston,  Glasgow       .  |    *'JJg    [  }  18-5  ■{ 


Manchester  . 

Leeds     ;       .       .       . 

Tests    furnished    by 
Mirrlees- Watson  Co. 

Uford     . 

Dundee  .... 
O.N.  and  C  £.,  London 
East  Ham 

Wimbledon   . 

Partick  .... 
Test  at  66%  of  its 
rated  capacity,  fur- 
nished by  Mirrlees- 
Wateou  Co. 


2,600 
600 

l,iOO 
1,400 


Surface  Condensers  in  Table  CX. 


24 

83 

22-5 

22 

26-2 

28 

24-8 


ColeMarchent 
A  Morley 
Yates  &  T. 

Blalce 

Knowles, 

Summers  A 

Scott 


Korting 


Ledwards  2  / 
KOrting 


Surface  of 
each. 


1 

£ 

1 

7 

^^ 

1 

r 

«• 

I 


k 

IS 


5^ 


Kated 
Capacity. 


Nil. 


I 
I 


n 

Nil. 


Table  GIX.-^omb 

I  Nil 

18,000 


Table  CX. — Reciprocating  Engines 


1,000  {    32non-y 
\}    cond.  ) 


800 
760 


626 


28 
24 


" 

10,000 

83 

.. 

Mirrlees- 
Watson  Co. 

4 

2 

7,0001 
2,8002 

}S8 

*1% 

8-6 

ColeMarchent 

•• 

2  8 

Mirrlees-    \ 
Watson  Co  / 

1 

8,600 

91 

8,600 

91 

Allen 

2,700 
2,000 

18% 
80% 

Wheeler 

2.400 

2,100  to 

1,200 

8 

28% 

AlleyA 

8,800 

17% 

.. 

M'LelUn 

M.  W.  Co. 

2,800» 
2,800 

•• 

•• 

7-8 
6-2 

1  2,600  1-iuch  tubes. 


2  1,072 1-lnch  tubes. 


3  Tubes  0-76  inch,  6*8  feet  long. 
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Snoinbs  with  Jet  Conbenbsbb. 


Vacanni 

I. 

Air  PnmpB. 

Circulating  PumpB. 

Percentage  of  Bated  Output 
of  Main  Generator  uied  by 

n 

1 

1 

1 

j 

1 

p 

per  Minute  Ba< 

Br  ooniumed  at 
bed  Full  Load. 

1 

3 

j 

1 

s 

' 

1^1 

i 

s 

|a 

6 

' 

47 

27-6 

30 

23 

»i 

» 

.. 

6 

,. 

.. 

& 

28* 

•• 

8-7 

•• 

62 

67 

26 
27 

30 

•• 

• 

WITH  Surface  Condensers. 


40 
87 

(       26  at 
J  GondenseH 
i23at  Engine 

29-6 

/16K.W.2      ^ 
t  7KW.        / 

12-6 1 

4,000  ma 
1,600  aui 

89 

/28-6 
126-6 

29-6 
29-6 

299  lbs. 'steam 

perliour 
6-6  K.W. 

17' 
26-76 

53 

26 

29-8 

6K.W. 

27 

49 

16 

30 

6-6  K.W. 

86 

58 

22-6 

80' 

40* 

61 

27 

80 

22-6 

26 
28-27 

SO 
80-17 

17-9  Kiw.5 

26*8 

1,276  gal 
1.460    „ 

Ejector  Condensers. 

86 
60 

S4 
26 

30 
30-4 

20 

17-6B.H.P.plu» 
pipe  friction. 

•• 

66 

26 

.. 

.. 

18 

18  K.W. 

,. 

.. 

68 
20 
22 
>i 

76 

24-6  to  26-6 
28 
26 
26 
26 
21 

80 
29-76 

.. 

16 
10 

•• 

8K.W. 
17  K.W. 

2-6 

6*8 

-- 

30K.W. 

0-6 

1-2 

16  K.W. 

810  lbs.' steam 

1-6 

1-6 

per  hour 

10-4  K.W. 

06 

0-7 

23K.W. 

0-6 

2-8 

28-6  K.W. 

0-8 

8-6 

•• 

1  Power,  Jan.  1904.       a  150  B.p.m.  direct-coupled  motor. 


3  One  motor  driTes  both  air  and  circulating  pumps. 

28 
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Tablx  CX.- 


81 

82 
88 
66 

ei 

20 
17A 
74 
76 

77 
84 


Manx  E.  Ry. . 
Teat  at  66%  of    ita 
rated    capacity    for- 
nished   by  Mirrleea- 
Watson  Co. 

GoTan    .... 


Barton   .... 
Ringsend,  Dublin . 
Leicester 

Hull       .... 
Harrogate 
BrimsdowB   . 
Chatham  and  District  . 
Barnes   .... 

Ouernsey 

W.  H.  Booth  on  "Con- 
densing  Plant,"  CattUr 
ifoflf.,  Oct. -Nov.  1904  . 


Steam 
generator. 


■» 

^ 

•8 

M 

H  . 

« 

^1 
SI 

a 

11 

H 

h 

1 

S 

•  { 

600 

. ;» 

600 

17 

600 

23 

800 

126 

27-6 

200 

200 

25 

180 

24-2 

Sorface  Condensers. 


I 


M.  W.  Co. 


M.  W.  Co. 
M.  W.  Co. 

ColeMarchent 

Wheeler 

Mlrrlees  W. 

BelllBS 


Wheeler 
Wheeler 


ColeMarchent 


1,800 


1,800 
1,800 


2,400 
2,600 
2,000 


1,200 
1,400 

1,000 


2-9 


24% 


Sated 
Capacity. 


I 

H 


r 


10 
6-6 


10 


Table  CXI. — Relative  Economy*  op  28  Inches  Vacuum  over  26  Inches 
2000  K.W.  Plant,  £800  Increased  Cost,  dub  to  Raisino  Vacuum 
FROM  26  Inches  to  28  Inches. 


Net  Saving  ex- 
pressed as  Percent- 
age of  Increased 
Capital  Cost  to 
secure  28in.  Vacunni 
over  that  for  2ein. 
Vacuum. 

Average 

Loadm 

K.W. 

Hours  of 
Service 
per  Day. 

Actual  Evapora- 
tion, Lbs. 

Steam  Con- 
sumed, 
average  Lbs. 
pcrK.W.H. 

Water  Saved 
by  raising 
Vacuum  mn. 
to  28in.  Lbs. 
per  K.W.H. 

|l 

18 
9 
4-5 

118 

27 

4 

1500 
1000 
1000 

24 
24 
10 

9-5 

8 
8 

23 
22 
22 

1-84 
1-76 
1-76 

1  Report  cS  Ameriean  Street  Railway  Anociatwn^  p.  179,  Oct.  1904,  Mr  J.  R.  Bibbins, ' 
Turbine  Power  Plants."  Five  per  cent,  interest  and  7*6  per  cent,  depreciation  on  extra  cost  of 
condenser  equipment,  0*6  penny  per  K.W.H.  extra  power  consumed,  are  charged,  and  flvepenoe 
per  1000  gallons  for  feed  water  saved  is  credited. 
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— continued. 


Vacuum. 


s 


I 


80 


81 


20 
17A 
74 
76 


27-26 


24 
24 


28 


26  to  26 
26 


Air  PnmpB. 


III 

HI 


Cireulating  Pampe. 


'I 
f 


291 

1 

1     (P) 

1 

1 

12  K.W.1 

1   :: 

1    17 

30" 

12K.W.1 

1      i' 

2976 

•• 

1    e' 

30 

1    7" 

16  to  80 
1    tidal 

1  One  motor  drives  both  air  and  circulating  pnmpe. 

It  is  not  clear  why  the  lower  average  load  (1000  kilowatt)  is 
credited  with  1  lb.  per  K.W.H.  better  steam  consumption  than 
the  1500  kilowatt  load  in  Table  CXI. 

The  fact  that  with  very  cheap  coal  there  is  a  price  where  the 
saving  becomes  zero  was  brought  out,  and  values  plotted,  the 
change  from  gain  to  loss  in  the  three  cases  mentioned  in  Table  CXI. 
being  at  1*6, 2*6,  and  5*7  shillings  per  ton  respectively. 

Naturally,  all  the  conditions  of  each  prospective  plant  must  be 
studied  carefully  in  order*  to  design  the  plant  best  suited  for  those 
conditions. 


[Table  CXII. 
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Table  CXII. — Gooliko  Toweks  with  Condenskr  of  Rated  Capacity. 


Lbs.  of  steam  per 
Hour  Condensed. 


1,000 

16,000 
80,000 


26,000 


Tower  Dimensions. 


H.P.  of      r^««*K 
Engine.    |^"«*^- 


46 

1000 
2000 


ft. 
4-26 


10 
14 


Breadth.     Height. 


ft. 
8*26 


12-26 
16 


14,000  E.  W.   26,422     sq.  ft.  tank 
soft.  diam. 


400,0001  18,000  K.W. 


ft. 
30-26 


39*6 
40 

78 

86ft. 


38ft.  ta 

water 

delivery 


18,000  sq.  ft. 


1 

Fans. 

Data  from 

Num- 
ber. 

DUm. 

Powsr 

to  drive 

H.P. 

ions. 
4-6 

1 

;    ft. 

1     3 

1 

1-6 

W.  H.  Booth, 
CMiier,  Oct.  04. 

17 

2 

8 

14 

»» 

27 

« 

10 

24  max. 

" 

none 

;30-F. 
none 

T.Sugden^Ck). 
London.* 

Charing  Cross 
Co. '8  Bow  Plant. 

Charing  Cross 
Co's.  Bow  Plant 

1  This  assumes  16  towers  total.  The  drawing  in  Proc.  Itut.  Eleetrieal  Engineer,  Dec.  '06,  is 
unfinished. 

3  Messrs  T.  Sugden  &  Co.  rate  the  Neasden  plant  at  1,U00,000  gallons,  cooled  per  hour  in  the 
height  of  summer  from  110*  F.  to  80*  F.,  giving  with  Uie  condensing  plant  installed  27  inches 
vacuum  at  normal  load  and  26  inches  at  maximum  load.  See  items  67  to  70A,  "  Neasden,"  and 
Fig.  404,  p.  660. 


Fio.  834.— Surface  Condenser  Plant  at  Partick,  18,000  Lbs,  per  Hour, 
2300  Sq.  Ft,  Test  in  TahU  CX.  (79),  p.  432. 


(Mirrlees  Watson  Co.t  Olasgmc.) 
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Fig.  334  shows  the  Mirrlees  Watson  surface  condenser,  with 
one  motor  driving  both  air  pump  and  circulating  pump,  installed 
at  Partick.  The  makers  kindly  supplied  test  results  stated  in 
Table  CX. 


Table  CXIII.— Marine  Condensers:   Condenser  Subfack  and  Boiler 

SUKFAOE  IN  SOME  VESSELS  EQUIPPED  WITH   StEAM  TlTRBlNES. 


steam  per  hour. 

Ratio: 

Batio: 

For      1 

1 

Condemer 

Surface: 

sq.ft 

4,200 

At 

Speed: 
Knots. 

Condemer 
Surfaeeto 
Boiler  Heat- 
ing Surface. 

BaOer 

Heatifig 

Swrfaee  to 

Orate  Area. 

Name  of  VeBsel.       i 

1 

LbB. 

Lba.  per 

sq.  ft.  of 

Condenser 

further   1 
data  tee 
pageeso. 

••TurbinialBt"      . 

31 

27,000 

6-4 

8-8 

26 

• 

"Viper" 
"Cobra"        . 

8,000 

,,, 

191,000 

24 

0-58 

66 

8,000 

... 

... 

... 

... 

1  "Queen  Alexandra" 

66,000 

... 

... 

,  "Revolntion" 

2/260 

82,600 

16 

... 

"Tarantula" 

•  •• 

••• 

51 

"Lorena" 

... 

40 

"Amethyst" 

... 

... 

196,000 

... 

53 

"No.  1126**. 

... 

... 

... 

61 

"No.  293"     . 

... 

... 

... 

47 

"Lubeck"     . 

5,380 

... 

... 

'  "Turbinia2ud"    . 

18 

58,'6oo 

37 

,  •* Manxman". 

8,820 

23 

173,000 

26' 

0-71 

31 

"Londonderry" 

7,400 

22 

136,000 

'     18 

0-60 

81 

|"Vii^niau". 

... 

42 

, 

"Caroline"    . 

'" 

... 

51 

"Carraania". 

32,400 

... 

0-66 

41 

"Victorian". 

17,00 ) 

19 

... 

... 

0-65 

39 

It  will  be  noted  that  of  the  few  turbine  vessels  whose  rate  of 
condensation  per  square  foot  of  surface  is  stated  in  Table  CXIII., 
only  the  "Viper"  approaches  to  the  figure  stated  as  "ordinary 
marine  practice"  in  Table  CXIV. 

In  the  turbine  set  installed  at  Fulham,  illustrated  by  courtesy 
of  Mr  A.  J.  Fuller,  on  page  558  (Fig.  402),  the  condenser,  which 
is  of  the  subbase  type,  is  set  out  of  sight  below  the  engine-room 
floor  level. 

Some  details  and  illustrations  of  the  condensers  in  use  at  Lots 
Road,  Chelsea;  Neasden;  Carville;  Delray,  Detroit;  L.  Street, 
Boston ;  Quincy  Point ;  Yoker ;  Motherwell ;  Thornhill ;  Radcliffe ; 
Brimsdown;  and  English  M'Kenna  Co.  are  included  in  Chapter 
XXII.,  pp.  454-629. 

There  are  also  references  to  pages  containing  illustrations  in 
connection  with  the  different  types  of  turbine  described  in  the 
earlier  chapters  of  this  book  at  the  end  of  this  chapter  (on  p.  440). 
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It  is  of  interest  here  to  indicate  the  range  of  experiments 
described  in  Mr  R  W.  Allen's  paper  on  "Surface  Condensing 
Plants,"  read  before  the  Institution  of  Civil  Engineers,  Feb- 
ruary 28,  1905,  by  the  following  brief  notes  on  it  and  on  the 
discussion. 


Table  CXIV. 


Lbs.  of 
Steam  Con- 
densed per 
Bour  per 
Sq.  Ft.  of 
Condenser 
Surface. 

Air  Pump  Capacity. 

Vacuum 
maintained. 

Inches  of 

Volume  per 

1  Lb.  of 

Steam 

Condensed. 

Batloof 
Volume  to 
Volume  of 
Condensed 

Steam. 

Mr  a.  W.  Alleh'8  800  sq.  ft.  Condenser : 
Experiments  with  engine 

„          without  engines 
Cooling  water  used  40  to  120  times  the^ 
weight  of  steam                              .s 
"In  United  Stotes  with  very  large 

turbines,  2.8tage  air  pump  " 
Mr  Allen's  own  equally  good  results 
with  single-stage  air  pump 

6  to' 10 

(     d-6     ) 

\  S-0  ; 

2on.ft. 
0-76  cu.  ft. 

6to26 

Mr  W.  J.  Ha&dimo  had  under  notice 

single-acting  air  pump 
Three  throw  air  pump,  1000  sq.  ft.) 

condenser r 

'*  Mr  Allen's  rule  " 

Ordinary  Marine  Practice  as  much  as  . 

(See  also  Table  CXIII.) 
Claimed  for  concentric  condenser 
Admitted  for  concentric  condenser 

20 

10 

9  to  10 
26 

70 
86 

6 
7-6 

0-86 

oes 

0-6  to  0-76 

1 
19  to  23 

26-6 

29 
(80*  Barom.). 

good 

Mr  W.  H.  Patchbll: 

Everyday  work    of    condenser    with 
cooling  tower  SO  ft.  diam.  on  roof 
dealing  with  steam  from  bOO  K.W. 
engine.    (Pumps  use  8*6  per  cent., 
fans  use  2*6  per  cent,  of    main 
engine  inputX 

Iiarge-steam  turbine  he  had  inspected. 

•• 

Mr  Frko.  Edwards  disagreed  with  the  usual  velocity  of  water  through  tubes,  viz.,  200  to  SOD 
feet  per  minute. 

He  mentioned  that  the  mercury  gauge  reads  0*25  inch  at  absolute  vacuum,  while  his  own 
design  of  gauge  reads  correctly. 

Mr  Haryet  E.  MOLi  prefers  2-stage  dry-air  pump  to  wet-air  pump. 

He  quoted  the  specification  of  N.Y.C.  &  H.R.R.  Co.  for  "2-stage"  dry-air  pumps,  guaranteed 
hotwell  water  within  1*  F.  of  the  temperature  corresponding  with  the  vacuum  in  the 
condenser. 

He  stated  tliat  Lots  Road,  Chelsea,  and  Neasden  have  dry  air-pumpa,  and  water  Is  taken  out 
practically  as  hot  as  the  vaporised  steam. 
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Figs.  336  and  336  show  to  scale  the  3000  K.W.  Willans  & 


Robinson    Parsons    turbine,  D.K.   generator,  and  Allen   11,000 
sq.  ft.  surface  condensing  plant,  at  Port  Dundas,  Glasgow,  and 
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two  1000  K.W.  Parsons- Peebles  sets,  with  one  Allen  condenser 
(4400  sq.  ft.),  at  Poplar,  London. 
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Other  condensers  are  illustrated  in  connection  with  turbines 
on  pages  207,  224,  252,  286,  314. 


CHAPTER  XIX 

FOUNDATIONS 

Though  some  advocates^  of  the  steam  turbine  would  have 
this  subject  passed  over  as  unimportant,  the  foundations  in 
the  elevation  of  nearly  every  turbine  plant  that  has  been  built 
are  a  very  prominent  feature. 

Mr  E.  H.  Sniffin,  of  Messrs  Westinghouse,  Church,  Kerr  &  Co., 
put  forward*  curves  of  the  cubic  yards  and  cost  of  foundations 
for  various  arbitrary  combinations  of  steam  generating  units. 
Fig.  337  and  Table  CXV.  compare  lus  foundations  with  those  of  a 
few  recent  steam  turbo-generators.  Mr  Sniffin's  results  are  here 
reduced  to  the  volume  for  one  steam-driven  unit,  this  being*  a 
practical  basis. 

Messrs  Willans  &  Robinson's  foundations  for  two  1000  K.W. 
turbo-generators  are  of  interest  in  the  following  table.  As  stated 
there,  the  turbine  and  condenser  occupy  the  same  position  in  plan. 
We  have  taken  the  liberty  of  assuming  3  feet  depth  of  turbine 
foundation  below  the  basement  floor  on  which  the  condensers 
stand,  but  have  not  included  the  foundation  under  the  condenser. 
The  weight  of  condenser  plant  is,  however,  included,  as  noted,  but 
its  effect  on  the  pressure  per  square  foot  is  small. 

The  Central  London  Railway  Allis  horizontal  cross  compound- 
engine  foundation   naturally   meets   Mr    SnifRn's    curves.      The 

'  The  following  extract  is  not  justified  by  any  turbine  we  have  seen  : — "  As 
is  well  known,  the  absence  of  any  kind  of  vibration  or  external  thrust  permits 
the  employment  of  any  kind  of  foundation  of  sufficient  strength  to  sustain 
the  dead  weight"— J.  R.  Bibbins,  p.  187,  Report,  American  Street  Ry.  Assn., 
Oct.  1904. 

'  American  Street  Railway  Association,  Report  of  Meeting,  Oct  1902,  at 
Detroit,  p.  182.  The  price  in  America  for  concrete  foundations  laid  was  given 
as  $7,  about  29  shillings,  per  cubic  yard. 
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Interborough  (Subway),  New  York,  4  cylinder-engine  foundation 
should,  of  course,  lie  above  the  curve  V  and  below  H,  if  H  were 
plotted  so  far.  The  vertical  turbine  CT  falls  well  below  the  Parsons, 
while  Chelsea,  equipped  with  vertical  condenser  and  Westinghouse- 
Parsons  sets,  is  considerably  above  Mr  SniflSn's  estimates  for 
turbines. 


Fio.  337a.— .Section  through  New  York  Ediaon  Co.'s  New  80,000  K.W.  Waterside 

Station  (No.  2).     See  also  pages  455,  481,  aiid  491. 

Approximate  scale  1 :  570. 


CHAPTER  XX 

BUILDINGS 

Thb  areas  and  volumes  of  engine-rooms  and  boiler-houses  are 
given  below,  taking  first  those  steam  turbine  plants  on  which 
data  has  been  secured,  then  some  mixed  plants,  and  finally  some 
reciprocating  engine  plants.  The  item  numbers  correspond  with 
those  in  Tables  CIII.,  CIV.,  p.  424,  on  pressure,  superheat,  and 
vacuum  in  use  in  the  same  plants. 

In  every  case  where  the  ultimate  capacity  of  present  buildings 
is  known  the  useful  figures  are  based  on  it,  but  in  other  cases  the 
size  per  kilowatt  installed  is  the  best  that  is  available. 

This  table  is  intended  for  use  when  preparing  preliminary 
estimates,  as  one  can  form  from  it  a  very  definite  idea,  based 
on  named  existing  plants,  of  the  dimensions  necessary  for  any 
probable  arrangement  of  generating  units. 

Plans  of  sites  of  some  recent  turbine  plants  are  shown  on 
pages  455,  464  to  467. 

Exterior  views  of  seven  Power-Houses  will  be  found  on  pages 
468  to  474  (Figs.  343  to  354). 

Sections  and  plans  of  buildings  are  on  pages  444  and  470 
to  490. 
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CHAPTER  XXI 


BOILBB  AND  SUPERHEATBB  SURFACE   INSTALLED 


A  TABLE  of  boiler  heating  surface,  grate  area,  superheater  surface, 
and  economiser  surface  for  some  of  the  plants  enumerated  above 
is  given  here. 

Tablis  OXIX. — Boiler  Heating  Surface,  Superheater  Surface,  Grate  Area, 
AND  Economiser  Surface  in  some  Eleotricitt  Plants. 


1 

Boiler  Heating 
Surface. 

Boiler  Orate 
Area. 

Superheater 
Surface. 

1 

Boonomiser  Surface. 

1 

Name. 

Sq.  ft.  per 
Bated  K.W. 

Sq.  ft._per 
Bated  ^W. 

X 

Sq.  ft.p« 
BiTtedf. 

5r 
W. 

Il 

s 

h' 

i 

1 

d 

i    . 

t 

1 

1        4 

~     1 

§ 

^      '  § 

1 

I 

H 

^ 

1 

a^ 

5 

2 

HH 

P 

1 

M 

i^ 

1 

Olielsea,  Loto  Road 

7-7 

7-5 

012 

0-11 

160 

0-98      Oi 

)S      9210 



10  ft. 

4 

Keaaden      .... 

4 

0-08 

180 

0-68 

.     ;  1760 

IV 

184 

(4"d) 

sq  ft. 

5 

Detroit,  U.S. A.    .       .        . 

9-6 

.. 

276 

, , 

4992 

6 

OaxviUe       .... 

160 

8 

aiu]io7Foint,U.8.A..        . 

7'4 

'•' 

oi 

66 

014 

9 

_ 

160 

1-4? 

10 

6-7 

'.'.     1 

oi        \ '. 

160 

0-6 

11 

Terkiliiie    .... 

6-7 

01         .. 

160 

12 
18 

Neptune  Bank,  Newcastle 
Halifax       .... 

61          1     .. 

48             '     .. 

o'67        '. 

16     Sheffield,  Heepiend     . 

41 

006 

V 

16 

lo- 

oUfuel 

17 

Bximsdown  .... 

ss 

V 

18 

Earlish  K'Xenna 

19 

20 

Harrogate  .... 

1     " 

007 

«2 

MiddUtboro' 

4"6 

016 

zero 

' 

28 
24 

KiSderminiter    \ 

::  i  : 

:'::':: 

27 

Toker,  Clyde  Valley  . 

136 

..  i  . 

*         ' '   1 

82 

Motherwell        .       . 

86 

Interboro'  (Subway),  N.Y. 

f4              6'U 

o'-i2     o'-io 

some 

■     1     ■■ 

. 

86 

Manhattan  Elevated,  N.Y. 

0-24 

".   1   !'. 

37 

Manchester,  Dickenson  St. 

i'l          \\ 

01      1     . . 

some 

40  Pinkston,  Glasgow     . 

41  Kansas  City.  Met.  8.R.  Co. 

7-8         ,     .. 

009 

.. 

0-2      1     . . 

some 

'  * '   ,   ' 

41B 

MetropoIiUin,  Paris 
Salford 

!   '   '.'. 

42 

o'i2 

some 

i 

48 

West  Ham  .... 

14*6 

0-2 

1     •• 

some,    . 

44A 

C.  L.  Bailway     . 

11 

id'S 

0-28    1     .. 

1 

none .     . 
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Tablb  CXIX.'—coTUinued, 


1 

1 

Name. 

Boiler  Heating 
Sur&ce. 

Boiler  Qrate 
Area. 

Superheater 
Surface. 

Sq.  ft.  per 
Rated  K.W. 

^'i^. 

1 

Sq.  f  t  j)er 
Rated  K.W. 

^ 

t 

. 

d 

•d 

i 

•d 

5 

73 

i 

1 

1 

1 

B 

1 

1 

^ 

' 

^ 

44B 

Meney  Batlvray 

.. 

..  1  .. 

1  it 

Kelham  It.,  Sheffield 

4-5 

0-i 

some 

1  46 

Alpha  Place,  Chelsea 

13  non- 
condensed 

0-21 

none  | 

I 

1  *7 

LoweU,  U.8.A.   . 

7-4 

0-09 

none 

|48B 

Midland  Power  Co.    . 

49 

Dundee       .... 

4'5 

0*-i6 

50 

Pauley        .... 

6-4 

009 

61 

1 

Wimbledon 

11-6 
destructor 

0-24 

some 

^^l 

Reading             ... 

3-7 

Oil 

., 

..     1     ..     1     .. 

53 

Ilford 

5-6 

013 

..     '     ..    1     .. 

|56 

Leicester     .... 

2-8 

11 

none ... 

'  56 

Wolverhampton. 

3-9 

013 

..    1     ..     1     . 

67 

Greenock    .... 

6-5 

0-25 

'.'.  1  . . 

58 

Bast  Ham,  London    . 

15 

0-29 

1     . . 

1 

,59 

Lowestoft   .... 

41 

0-08 

some 

:.     ■:;..' 

1  60 

Burton-on-Trent 

3-7 

008    '     .. 

none  ... 

..  1  ..    ..  1 

\^l 

Hull  Tramways . 

31 

0-1      :     . . 

'.'. 

none      . . 

'  ..  1 

\  62 

SUlybridge                 .        . 

51 

none 

1  63 

Burnley      .... 

6x28x7' d 

Lanes 
2x30'x8'd 

Lanes 

none '     . . 

i 

1 
1 

64 

Walsall       .... 

none  1     . .    1     . . 

1 

65 

Bury,  Lanes 

si 

o'i5 

some'     ..    ;     .. 

66A 

Eastbourne 

8-7  non- 
condensed 

018 

some , 

::  !  :: 

66B 

North  Shore  Railway,  San 
Francisco 

6*6  crude 
oil 

•■ 

..     1     .. 

..  ]  .. 

67 

Gloucester  .... 

6-9 

.. 

0-26 

some             I     .. 

68 

Kirkcaldy  .... 

10-6 

018 

none             ' 

69 

Barraw-in-Fumess     . 

:: 

some  ,     . .     ,     . , 

. .  1  . . 

70B 

Hamilton    .... 

v. 

71 

Smithfleld  Market     . 

6-7  non. 

1 

none  |     . . 

::  1  ::    ..  i 

condensed 

72 

GilUngham. 

Carlisle       .... 

6 

012 

some 

..  1  .. 

73 

5 

021 

none 

74 

Chatham     .... 

5-9 

013 

none  ,     . . 

1  .'. 

76 

Barnes        .... 

10-2 

0-21 

some 

76 

Worthing  .... 

5-6 

none 

1           1 

77 

Guernsey,  Les  Amballes  . 

14 

3" 

some 

::     ::  1  ::    ..  i 

St  Sampson 

'     1 

78 

Cleethorpes 

5"5 

0-24 

none 

!."  1  ■.:  1  ;; 

Kew  York  Edison,  Water- 

7-8 

o'is 

ioo 

. .     1    1-2 

side  Ko.  3                          1 

CHAPTEE  XXII 

EXAMPLES  OF   STBAM   TURBINB  PLANTS 

The  following  pages  contain  a  digest  of  essential   details  of  a 
number  of  the  latest  steam  turbine  plants. 

This  listing  of  corresponding  parts  of  plants  in  parallel 
columns  (starting  from  the  coal  pile  and  advancing  to  the 
kilowatt)  is  commended  to  students  as  of  value,  because  it 
facilitates  reference  to  the  details  which  everyone  concerned  in 
arranging  such  plants  must  study  and  compare. 

In  the  Preface  will  be  found  acknowledgment  of  the  assist- 
ance rendered  in  the  collection  of  this  data,  and  a  considerable 
part  of  it  and  many  of  the  illustrations  are  from  the  valuable 
technical  papers  to  which  credit  is  given. 

The  compilers  venture  to  think  that  if  technical  papers  would 
adopt  such  a  standard  outline  instead  of,  or  supplementary  to,  the 
usual  text  descriptive  of  new  plants,  that  their  readers  would 
appreciate  and  derive  more  benefit  from  the  data.  It  would  be 
essential  to  reproduce  each  time  the  same  spacing  of  the  outline 
form  to  permit  immediate  comparisons  by  placing  the  new  data 
alongside  the  earlier  collection. 

The  plants  included  here  are  Lots  Road,  Chelsea;  Neasden; 
Carville;  Delray,  Detroit;  L.  Street,  Boston;  Quiny  Point;  Yoker; 
Motherwell;  Thornhill;  Eadcliflfe;  Brimsdown;  and  English 
M'Kenna  Co. 

The  New  York  Edison  Company's  New  Waterside  Station  is 
illustrated,  by  the  courtesy  of  the  Fower  Publishing  Co.,  on  pages 
444,  455,  and  481.  The  capacity  of  this  station  will  be  31,000 
K.W.,  with  ultimate  capacity,  with  present  sizes  of  units,  of  80,000. 
These  units,  mentioned  on  pp.  147  and  209,  are  the  largest  that 
have  been  undertaken. 
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455 


oo-ooDQDO: 


Fio.  337b.— New  York  Edison  Co.'s  Plan  of  Old  and  New  Waterside  Stations. 
See  also  pp.  444,  481,  and  491. 

The  Waterside  No.  1  Station  between  38th  and  S9th  Streets  (at  the  top  of  this 
figure)  contains  eleven  reciprocating  units  and  five  5000  K.W.  Curtia  Turbines  : 
70,000  K.W.  total. 

The  Waterside  No.  2  Station  between  39th  and  40th  Streets  (lower  part  of  figure)  has 
room  for  80,000  K.W. 
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1.  Name  of  Gtoneratmg  Station  . 

2.  Cost  per  uUimaU  rated  E.W. 

capacity 

8.  Owners   .                ... 
4.  Location 


6.  Area 
6.  Frontage 


7.  Supply  to  Consumers 


8.  Consumers 


9.  BnildingB 
10.  Foundations 
Piers  . 


11.  Type  of  Structure 


12.  Maker  of  Frame 

18.  Erection  by 

14.  Wharf  Wall     . 

Length  and  Height 

15.  Plan  of  Buildings    . 

16.  Dimensions     . 

17.  Boiler-house    . 

18.  Engine-room   . 

19.  Transformer  H. 

20.  Height    . 


21.  Sectional  Elevation  of  Buildings 

22.  Roof-glazing    .... 
28.  Basement  Floor 


24.  Floors  of  Boiler-room 

Walls  of  Boiler-room   . 

25.  Floor  of  Switchboard  Galleries . 

26.  Floor  of  Engine-room 


Walls  of  Engine-room . 

27.  Staircases         .... 

28.  Electric  Lift    .        .        .        . 

29.  Delivery    of   Coal   to    Power- 

house, one  end 


Lots  fioad,  Oheleea. 

£44.     £2,600,000  for  67,000  K.  W. * 

Underground  Electric  Rys.  Co.  of  London,  Ltd. 
Chelsea,  London.     Fig.  838. 

3  '67  acres. 

824ft.  Lots  Road,  Chelsea;  1100ft.  on  the 
River  Thames  and  Chelsea  Creek. 

11,000  volts,  3  phase,  33^  cycles,  to  24  sub- 
stations ;  600  ToltB  continuous  substations. 


Metropolitan  District  Railway ;  Baker  Street 
and  Waterloo  (Tube)  Railway  ;  Charing  Cross 
and  Hampstead  (Tube)  Railway ;  Edgeware 
and  Hampetead  (Tube)  Railway. 

Fies.  343,  844,  p.  468. 

S5ft  below  Lots  Road. 

220  of  concrete. 

6000  tons  of  steel  frame.  Brick  and  terra-cotta 
panelled. 

British  Westinghouse  Co. 

Mayoh  k  Haley  (the  Fulham  Steel  Works  Co.). 
Portland  cement  faced  with  Staffordshire  blocks. 
980ft.  long,  80ft.  high. 
See  Fig.  851,  p.  471. 

463ift.  long  by  176ft.  wide. 

100ft. 

76ft. 

140ft  high  to  peak  of  boiler-house  roof. 

See  Fig.  860,  p.  470. 

'  Eclipse,'  by  Mellowes  k  Co.,  Ltd.,  Sheffield. 

18ins.  above  highest  recorded  tide  ;  3  feet  below 
the  level  of  Lots  Road  ;  19ft.  head  room :  8 
parts :  2  for  ashes,  middle  for  pumps. 

Concrete  and  expanded  metal. 


Checkered  steel  plates. 


of  steel  to  bunkers  at  each  chimney. 

Basement  to  the  second  boiler-room  floor. 

At  West  Eiid  by  Railway.  West  London 
Extension  Railway  runs  over  hoppers  on 
opposite  side,  Chelsea  Creek. 

An  inclined  bucket  conveyor  will  be  erected  to 
span  the  creek. 

[Continued  on  p,  492. 

^  Medrical  Review^  June  9,  1905,  p.  988.     24  substations  and  800  miles  of  cable 
presumably  included.    Power-house  probably  under  £80  per  E.W. 
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1.  Neaiden.  Oarville. 

2. 

8.  Metropolitan  Railway  Co. 
4.  Neasden,  London,  N.  W. 

6.  3670  square  yards. 
6. 

7.  550    volts    continuous    current    from 

9     substations,     11,000     volts,     3 
phases,  33^  cycles. 

8.  Metropolitan  Railway  Company  and 

Branches. 
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9.  Fig.  345,  p.  468. 
10.  8ft.  deep  by  lift,  6in.  wide,  concrete. 


Newcastle-upon-Tyne    Electric    Supply 

Co.,  Ltd. 
Carville.     Fig.  839. 


6000  volts,  8  phases,  40  cycles. 
600  volts    continuous    current    from  5 
substations. 

37  miles  double  track,   North-Eastem 

Ry. 


11.  Engine-house,    red    brick   and   buff  i 

terra-cotta;  boiler-house,  steel  and  | 
red  brick. 

12.  Heavy  work  bv  Hein,  Lehman  &  Co.,  ' 

details  by  Dorman  k  Long.  | 

18.  British  Westinghouse. 
14.  None. 

16.  See  Fig.  858,  p.  473. 

16.  824ft  long  by  101ft  wide. 

17.  53ft  by  321ft. 

18.  Engine-room,  233|ft  by  43ift 

19.  Transformer  house,   66ft  by  43ift. 

20.  45ft  basement  floor  to  bottom  chord 

of  roof  truss. 

21.  See  Fig.  353,  p.  472. 

22.  Mellowest  Co.,  Ltd. 

28.  Concrete,    with    2in.    of  granolithic 

surface. 

24.  Blue  bricks. 

25.  Concrete  and  expanded  metal. 

26.  Concrete  and  mosaic,  the  main  genera- 

tors  resting   on    brickwork   jack- 
arches. 

27.  Of  steel. 
28. 

29.  At  south  end :  Siding  of  Metropolitan 

Railway,  running  over  hoppers. 


Steel  frame,  filled  in  with  corrugated 
iron. 


Fig.  355,  p.  475. 


By  N.  £.  Ry.  Co.  An  overhead  siding 
(1  in  25  grade),  conveyed  by  electric 
locomotive,  two  75  horse  -  power 
Westinghouse  500  volt  motors. 
4M.P.H.  Overhead  conductor  ;  Bow 
collector. 


[CarUinued  an  p.  493. 
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1.  Name  of  Generating  Station  .     Delxay,  U.S.A. 

2.  Cost  per  uUimaU  rated  E.W. 

oapaoity 


8.  Owners   . 

4.  Location  . 

5.  Area 

6.  Frontage 

7.  Supply  to  Consumers 


8.  Consumers 


9.  BoildingB 
10.  Foundations 
Piers   . 


11.  Type  of  Structure 


12.  Maker  of  Frame 

18.  Erection  by 

14.  Wharf  Wall     . 

Length  and  Height 

15.  Plan  of  Buildings    . 

16.  Dimensions 

17.  Boiler-house     . 

18.  Engine-room    . 

19.  Transformer  H. 

20.  Height    . 


21.  Sectional  Elevation  of  Buildings 

22.  Roof-glazing    .... 
28.  Basement  Floor 


24.  Floors  of  Boiler-room 

25.  Floor  of  Switchboard  Galleries . 

26.  Floor  of  Engine-room 


Walls  of  Engine-room  . 

27.  Staircases         .        .        .        . 

28.  Electric  lift      .        .         .        . 

29.  Delivery   of   C!oal   to  Power- 

house, one  end 


Detroit  Edison  Co. 

Delray,  3}  miles  from  Detroit,  Mich. 

89  acres.     Fig.  840,  p.  466. 


Edison  Illuminating  Co.  ;  Peninsular  Electric 
Light  Co.  ;  Detroit  United  Railways. 


Fig.  846,  p.  468. 


Steel  frame,  brick  panelled. 


Two  boiler-rooms,  separated  by  a  fire  wall,  and 
one  turbine-room.     Fig.  366,  p.  476. 

158ft.  wide,  162ft.  long. 
51ft  wide,  179ft.  long. 


Figs.  357  and  358,  p.  477. 
Reinforced  concrete. 


By  rail  to  a  coal  tower  farthest  from  the  river. 
In  this  tower,  coal  is  hoisted,  crushed,  and 
screened. 


[Contimted  on  p.  494. 
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Qninoy  Point,  Ham.,  U.S.A. 


1.  L.  Street  Station,  Boston,  U.S. A. 
2. 


8.  Boflton  Edison  Electric  Illuminating 
Company. 


5.  Fig.  341,  p.  467. 
6. 

7. 


8. 


Old  Colony  Street  Railway  Oo. 

Quincy  Point,  about  eight  milee  south 
of  Boston. 


18,200  volts  current,  25  cycles,  8  phase, 
to  6  substations  (provision  for  8 
additional). 

Owners'  tramway  system.     400  miles. 


9. 

10.  Support40001bs.  persq.  ft;  520,0001bs.  ' 
includes  condenser,  total  weight  one 
unit.  I 

11. 


12.     s 

18. 
14. 

15.   Fig.  869,  p.  478. 


Fig.  862,  p.  482. 


16.  '  161ft.  by  121ft.,  divided  by  a  brick  wall. 

17.  160ft  by  160ft  boiler-room  (built  1905).    161ft  by  60ft 

18.  220ft  by  68ft  engine-room  (built  1905).  ,  161ft  by  60ft 

19.  650ft  by  218ft  land  available  to  extend. 

20.  Boiler  ceiling  35  ft  high. 


21.  Figs.  360,  361,  p.  479. 

22. 

28. 


Fig.  363,  p.  483. 


24.   iioiler  front,  white  enamel  bricks.  I 

I 

26.  Dark  red  tiles  ;  walls  10  feet  dark  green  | 
tiles,  25  feet  light  tiles  above. 


27. 
28. 

29.  By  barffe;   25ft.   depth  of  water  in 
dock  at  low  tide. 


By    water.      Vessel    is    unloaded    by 
shears. 


[Ccntintied  on  p.  495. 
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1.  Name  of  Generating  Station  .     Yoker. 


2.  Coet  per  uUimaU  nted  K.W. 
capacity 

8.  Owners    •        .        «        .        . 

4.  Location 


6.  Area 

6.  Frontage 

7.  Supply  to  Consumers 


8.  Consumers 


Clyde  Valley  Blectrical  Power  Co. 
On  bank  of  River  Clyde. 

3  phase,  26  cycles,  11,000  volts.  (In  Clyde- 
bank from  2-150  E.W.  motor  generator  sets 
in  first  switch  gallery.) 

From  2  substations. 


9.  Bnildings 
10.  Foundations 
Piers  . 


11.  Type  of  Structure 


12.  Maker  of  Frame 

18.  Erection  by     . 

14.  Wharf  Wall     . 

Lenffth  and  Height 

15.  Plan  of  Buildings     . 

16.  Dimensions 

17.  Boiler-house    . 

18.  Engine-room    . 

19.  Transformer  H. 

20.  Height    . 


Fig.  347,  p.  468. 


21.  Sectional  Elevation  of  Buildings 

22.  Roof-glazinff    .... 
28.  Basement  Aoor 


24.  Floors  of  Boiler-room 

Walls  of  Boiler-room    . 

25.  Floor  of  Switchboard  Galleries . 

26.  Floor  of  Engine-room 


Walls  of  Engine-room  . 

27.  Staircases        .... 

28.  Electric  Lift    .        .        .        . 

29.  Delivery  of   Goal   to    Power- 

house, one  end 


186ft.  by  50ft. 
252ft.  by  48ft.  6in8. 


Italian  mosaic. 


White  glazed  bricks. 


By  rail  to  private  siding,  dumped  by  a  hy- 
draulic ram  into  the  crusher  pit.  Through 
a  crusher  and  screen  operated  by  a  motor, 
10  H.  P.  enclosed  shunt  motor,  650  R.p.m. 


[Conti/Mted  (m p.  496. 
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1.  Motherwea 

2.  Motherwell  is  a  duplicate  of  Yoker, 

except  condensing  plant. 

8.  Clyde  Valley. 

1 

6. 
6. 

7.  8  phase,  25  cycles,  11,000  volts. 


8.  From  10  substations. 


9. 
10. 


11. 


12. 

18. 
11 

15. 

16. 

17.  186ft.  by  50ft. 

18.  252ft.  by  48ft. 
19. 

20. 

21. 
22. 
28. 


24. 

25. 
26. 


27. 
28. 
29, 


Thornhill. 

£46,  including  6000  K.  W.  Tiansmission 
for  10,000  E.W.  See  details  in 
Chap.  I.  p.  8. 

Yorkshire  Power  Co. 

Dewsbury,  between  Riyer  Calder  and 
railway  siding. 

Fig.  842,  p.  466. 

10,000  volts,  60  cycles,  8  phases ;  2000 
volts,  50  cycles,  8  phases;  500  volts 
continuous  current;  400  volts, 50  cycles, 
8  phases ;  280  volts,  50  cycles,  8  phases. 

Oollieries,  etc. 


Fig.  848,  p.  469. 

8ft  bed  of  concrete  over  whole  area. 


Steel  frame,  brick  panelled. 
Bedpath,  Brown  k  Go. 

Fig.  864,  p.  485. 
70ft.  by  80ft. 


>y  8( 

by« 


100ft.  by  50fb. 


Fig.  865,  p.  484. 


By  road,  rail,  or  river.     Into  hoppers 
beneath  road  and  rails. 


[Continued  on  p.  497. 
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1.  Name  of  Generating  Station  . 

2.  Cost  per  uUimaU  rated  K.W. 

capacity 

8.  Owners 

4.  Location 

6.  Area 

6.  Frontage  .... 

7.  Supply  to  Gonaumers 


8.  Consumers 


Lancashire  Electric  Power  Co. 

Radcliffe,  between  the  Biyer  Irwell  and  tha 

Lancashire  k  Yorkshire  Ry. 
20  acres  area  is  secured. 


10,000  volts,  8  phase  current,  an  area  oovering 
1200  square  miles. 


9.  BnildingB 

10.  Foundations    . 

Piers        ....  I 

1 

11.  Type  of  Structure    .  .  i 


12.  liaker  of  Frame 

18.  Erection  by     . 

14.  Wharf  Wall     . 

Length  and  Height 

15.  Plan  of  Buildings    . 

16.  Dimensions 

17.  Boiler-house 

18.  Engine-room   . 

19.  Transformer  H. 

20.  Height    . 


Fig.  864,  p.  474. 


21.  Sectional  Elevation  of  Buildings 

22.  Boof-glazing    .... 
28.  Basement  Floor 


24.  Floors  of  Boiler-room 

Walls  of  Boiler-room   , 
26.  Floor  of  Switchboard  Galleries. 
26.  Floor  of  Eugine-room 


Walls  of  Engine-room  . 

27.  Staircases         .... 

28.  Electric  Lift    .        .        .         . 

29.  Delivery   of  Ck>al   to   Power- 

house, one  end 


None. 

By  railway,  a  single  line  near  the  station 
buildings,  containing  hoppers.  Each  truck 
is  hauled  and  tipped  by  electric  loco-crane 
into  one  of  the  hoppers  (only  one  atpresent). 
Stothert  k  Pitt,  two  G.  E.  58  B.T.H.  motors 
for  hauling  and  one  30  H.P.  motor  for  hoist- 
ing or  tipping,  overhead  trolley  220  volts. 


^Continued  on  p.  498, 
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1.  Brimadown. 
2. 


Power  Station  of  the  EnglUb  M'Eeima 
ProoesB  Co.,  Ltd. 


8.  North  Metropolitan  Electric  Power  Co. '  English  M^Kenna  Process  Co.,  Ltd. 

4.  On    Lea    Canal    near   Ponders  End     Dock  Road,  Birkenhead,  Liverpool. 
Station,  6.  E.  By. 

6. 

7.  C.  C.  240,  480,  and  600  volts.  ,  A.  C. 

to  meet  requirements. 

8.  Lighting  and  Tramways. 


9.  Fig.  849,  p.  469. 
10.  Concrete  on  gravel. 


11.  Steel. 


12.  Dorman  k  Long. 


18. 
14. 

15. 

16. 
17. 
18. 
19. 
20. 


Ditto  and  Clift  Ford,  Willesden. 
A.  Pedrette  k  Co. 

C.   W.   Gray,  11  Adam  Street,  W.C. 

Fig.  866,  p.  486. 
165ft.  X  162ft. 
Single-span  Roof. 


41ft.  to  apex  of  roof. 
Fig.  367.  p.  487. 


Steel  frame  and  14-inch  brick  between 
stanchions  in  engine-room. 


Qalvanised  sheeting  in  boiler-house. 


Fig.  868,  p.  489. 

78  X  60  X  26  ft.  mean  height. 

9  X  50  X  44  ft.  mean  height. 


Figs.  869,  870,  pp.  488,  490. 


2i.  Concrete. 

25.  Concrete. 

26.  TUed. 


27.  w.  i. 

28.  None. 

29.  Canal.     Figs.  876-378,  p.  611. 


Faced  white  glazed  bricks  8  ft  np. 
By  road  or  rail. 


{^CoTUiwued  on  p,  499. 
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Fio.  840.-;Site :  Delray,  Detroit. 
{Elee.    World  a7id  Engr.) 


SMto     of     FmL 

0      100    200    390    490    890    ay 


Fio.  342.— Site:  Thornhill  P.H.— Yorkshire  Power  Co. 


HmU  ffrr  Bridge  Timinwaj 


Kail  for  Brldfl«  Ti«mwjiy 


tUd  Qaljwt^ 


L  Street 

Fio.  341. — Site :  Boston -Edison  Power-Houses  and  Coal  Storage. 
"  Present"  Generating  Station  :  6  x  1500  K.W.  Vertical  Compound  Piston  Engines. 
Turbine  Room  :  2  x  6000  K.W.  Curtis  Sets  (220  Ft,  built  for  4). 
Room  for  Extension  to  650  Ft.  x  48  Ft  to  take  12  such  Sets. 

(From  Pawer.) 


Fig.  344. 
Figs.  843  and  344.— Lots  Road,  Chelsea.     (Tvx)  Views  by  B,  fFestinghouse  Co,) 


r^r\n,r\ 


^MjKX&tan 


Fig.  346. 

1                                                                                                 |H| 

Fig.  347. 

^^JM^'^^^^^^^^                           '     -*- 

* 

j 

Fio.  846.— Delray,  Detroit  Edison  Co.     (Fiom  O.E,  Co,  af  New  York,) 
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Fio.  348.— Tliornhill,  Yorkshire  Power  Co.      {Electrical  Review.) 


% 


;Fio.  849.— Brimsdown  :  North  Metropolitan  E.P.S.  Co.     {Bdbcock  A  fFilcox,) 
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Fiu  350.— Lots  Road,  Chelsea:  Sectional  Elevation. 
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STEAM   TURBINE  ENGINEERING 


Fio.  366.  —Del ray,  Detroit :  Plan  of  Power- House. 
{EUc,  World  and  Ejigr.) 


Fig.  358. — Delray,  Detroit :  Boiler- House. 
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No.  2  (Tarbine)  Boiler-Houae.  Is'o.  1  (Tui-bme)  Boiler- House. 


i  1 


moan  Hp^ninx 


EXAMPLES  OF  STEAM  TURBINE  PLANTS 


479 


480 


STEAM  TURBINK  ENGINEERING 
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Fig.  861a.  New  York  EdisoD  Co.'s  Waterside  Station  No.  2  :  Piping  Detail.     (See  also  pp.  444,  465  491  ) 
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STEAM  TURBINE  ENGINEERING 


Fio.  362.— Quincy  Point :  Plan  of  Power- House. 
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Fio.  370.— English  M*Kenna  Co.     Scale,  yi*  fiiH  size. 
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STEAM  TURBINE  ENGINEERING 


Name  of  Generating  Station 
80.  Conveyors 

Conveyor  capacity 

„       driven  by 
S|)eed  of  travel 

Direction  of  travel 

Motor  driving  Conveyor 


31.  Wharf Oranes:  Number. 
Capacity 

Maker 
Driven  by   . 
Supplied  by 

82.  Goal  Weighed 


88.  Rubber  Belt  Conveyor 
Driven  by   . 
Belt  delivers  to    . 


3 1.  Co  nveyors  outside  Power-house 

Capacity      .... 
Lift     .        . 
Number  of  Buckets 
Driven  by    . 
Maker  of  Conveyor 
Steel  inclined  Tower    . 


86.  Oonveyom  above  bunkers 


Capacity 
Driven  by 


Maker  of  Conveyors 
86.  Bunkers:  Capacity 


87.  Daily  Consumption . 

88.  Coal  fed  to  Boiler    . 


Lots  Boad,  OheUea.  [From  p.  456. 

See  Figs.  871,  872,  378,  p.  508. 

At  East  End  of  power-house  by  water. 
A  tidal  basin  spanned  by  cranes. 


1}  tons  grab  on  each. 

Beecham  &  Eeetman,  Duisburg. 
Electric  Motors         Hor8e-]K)wer 
Conductors  in  slotted  conduit. 


volta 


Automatically     in     tower,     thence     through 
hopjters  to 

At  ground  level.    Belt  380ft  by  SOin.  by  Jin. 
15  horsepower,  220  volt,  3  phase  motor. 
2  Crushers. 


Inclined.     Fig.  373,  p.  508. 

240  tons  per  hour. 

145ift. 

154,  spaced  2ft  Sins,  apart 

30  horse-power  3  phase  motors  at  top  of  each. 

John  A.  Mead  k  Co.,  New  York. 

Mayoh  &  Haley. 

2  Rubber  belts  970ft  and  980ft  by  2ft  by 
Ain. 


20  horse-power  motors,  220  volts,  .3  phase, 
each  belt.  On  same  guides  Narrow  Gauge 
Railway  Track  for  Coal-tippine  device. 

Mead,  Morrison  &  Co. ,  New  York. 

16,000  tons  (3  weeks'  supply) ;  0'26  ton  per 
ultimate  E.W.  capacity. 

800  tons. 

By  gravity  through  chutes. 

[CofUinued  on  p,  600. 


EXAMPLES  OF  STEAM  TURBINE  PLANTS  493 

Neaaden.  Oanrille.  [i^om  p.  457. 

80.  Waggons,  before  passing  to  the  bunkers, 

have  to  pass  over  a  weigh  bridge, 
operated  electrically.  Motor  operated 
forward  raises  waggon  on  flanges  of 
its  wheels,  scotchis  waggon,  sets 
signal  points,  records  weight.  Switch 
reyersed,  it  lowers  waggon,  clears 
signal  and  wheels. 


81. 


82.  Automatically  by  Avery  machines, 
fitted  into  shoots  between  bunkers 
and  stoker  hoppers. 


84. 


Automatic  weighing  machine  to  stoker 
hoppers. 


S  phase  motors,  440  volts. 
Graham,  Morton  k  Co.,  Ltd. 
86.  Continuous  bucket  type. 


86.  1500  tons. 


87. 


88.  Through  hoppers,  by  gravity. 


'  1200  tons.  Dimensions  of  bunker  is  95ft. 
'  length,  22ft  wide,  14ft.  deep ;  steel 
i      plate  divided  in  5  compartments. 

'  From  bunkers,  through  cast-steel  mouth- 
I      pieces. 

{Coviinued  on  p,  501. 
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Name  of  Oenerating  Station         .  i  Delray,  TT.8. A.  [Fr<m.  p,  458. 

80.  Conveyors 


Conveyor  capacity 

,,        driven  by 
S|)eed  of  travel     . 


Direction  of  travel 
Motor  driving  Conveyor 


81.  Wharf  Oranes  :  Number 

Cai>acity 

Maker 
Driven  by    . 
Supplied  by 

82.  Coal  Weighed: 


88.  Rubber  Belt  Conveyor 
Driven  by    . 
Belt  delivers  to    . 


84.  Conveyors  outside  Power-house 


Capacity 

Lift     . 

Number  of  Buckets 

Driven  by    . 

Maker  of  Conveyor 

Steel  inclined  Tower 

85.  Gonveyon  above  bunkers 


Capacity 
Driven  by 


Maker  of  Conveyon 
86.  Bunkers:  Capacity 


37.  Daily  Consumption  . 
88.  Coal  fed  to  BoDer    . 


At  ground  level. 


From  coal  towers  to  bunkers. 


70  tons  per  hour. 


80,000  tons, 

215  to  300  tons. 
By  gravity. 


[Continued  on  p,  502. 
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L.  Street  Station,  Boston,  TT.S.A. 

80.  2  coal  towers ;   1  and  1^  tons  coal 

tower    buckets    deliver    into   a 

36in.    Robins  belt   conveyor   in 

three  sections, 
convey  coal  to  a  Brown  bridge,  60ft. 

aboye  coal  yard  ;  156ft.  span. 
82ft  cantilever. 
The  hoist  on  the  bridse  has  a  2-ton 

bucket,  callable  of  making  one 

trip  per  minute. 
The  coal  can  be  taken  up  from  any 

part  of  yard  by  20-in.  Robins  belt 

conveyor. 
In  case    of  spontaneous   ignition, 

numerous  hydrants  are  available, 

but  coal  can  be  frequently  turned' 

over  by  means  of  bridge  to  avoid 

this. 

81.  70,000  tons  total  coal  yard  capacity. 

20,000  tons  total  coal  yard  capacity 
under  trestle. 

For  turbine  plant,  conveyor  housed 
above  delivers  to  44-ton  bunker 
over  each  boiler.    (2000  lb.  ton. } 

82.  Hand  operated    valves    to   weighing 

hopper  of  3600  lbs.  capacity.    See 
Fig.  860  and  861,  p.  479. 


81 


Qninoy  Point,  Mass.,  TT.S.A. 

[From  p.  459. 

Deliver  to  crusher  hoppers,  through  a 
concrete  tunnel  that  extends  from  the 
wharf  to  a  point  under  the  boiler- 
room. 


85. 


Bucket  conveyor  through  tunnel  and  up 
>      to  bins  above  boilers. 
I 

Variable  s|)eed  850  volt  a.c.  motors. 


M'Caslin  type,  by  T.  A.  Mead  &  Ck). 


86.  40  tons  (2240  lbs.)  each  boiler  hopner, 
40  hours'  consumption  at  20  lbs. 
per  sq.  ft  of  grate). 

87. 


Through  chutes. 


[Continued  onp,  503. 
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STEAM   TURBINE  ENGINEERING 

Toker.  [Frcmp.  460. 


Name  of  Oenerating  Station 

80.  Conveyors       »   *     , 

Conveyor  cajiacity 

„        driven  by     . 
Speed  of  travel    . 

Direction  of  travel 

Motor  driving  Conveyor 


81.  Wharf  Cranes  :  Number. 

Capacity 

Maker 
Driven  by   . 
Supplied  by 

82.  Coal  Weighed 


88.  Rubber  Belt  Conveyor 
Driven  by    . 
Belt  delivers  to    . 


84.  Conveyors  outside  Power-house 
Capacity 


Number  of  Buckets 
Driven  by   .     •  . 
Maker  of  Conveyor 
Steel  inclined  Tower 

86.  Oonveyors  above  bunkers 


Capacity 
Driven  by 


Maker  of  Conveyors 
86.  Bunkers:  Capacity 


87.  Daily  Consumption . 
88:  Goal  fed  to  Boiler    . 


Automatically,   each  hundredweight  recorded 
on  indicator. 


Bucket   Conveyor   to   bunker   above   boilers, 
Graham,  Morton  k  Co. 


15  horse- power  enclosed  shunt  motor. 


Through  chutes  with  motor-driven  agitator  to 
prevent  coal  sticking. 

[Continued  on  p,  504. 
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ThornMU.  [From  p.  461 . 


81. 


82. 


By  automatic  measuring  chutes. 


84. 


85. 


86. 


87. 
88. 


Buckets  1  cu.  ft.  each  convey  26  tons 
per  hour.  45ft.  per  minute  in  either 
direction,  10  horse-power,  750  revolu- 
tions per  minute,  220  volt  motor, 
Babcock  k  Wilcox. 


By  gravity  through  chutes. 


[Continued  on  p,  505. 
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STEAM  TURBINE  ENGINEERING 


Name  of  Generating  Station 
30.  Conveyors 

Conveyor  capacity 

,,       driven  by 
Speed  of  travel    . 

Direction  of  travel 

Motor  driving  Conveyor 


81.  Wharf  Cranes :  Number 

Capacity 

Maker 
Driven  by    . 
Supplied  by 

82.  Coal  Weighed 


33.  Rubber  Belt  Conveyor 
Driven  by  . 
Belt  delivers  to    . 


84.  Conveyors  outside  Power-house 


L?r.*'  :    : 

Number  of  Buckets 
Driven  by   . 
Maker  of  Conveyor 
Steel  inclined  Tower 


Badcliife. 


[Frtim  p.  462. 


85.  Gonveyors  above  bunkers 


Capacity 
Driven  by   . 


Maker  of  Conveyors 
86.  Bunkers:  Ca|)acity 


37.  Daily  Consumption . 

38.  Coal  fed  to  Boiler    . 


See  Fig.  876  at  highest  level,  also  item  32  below, 
p.  511. 


Electric  locomotive  crane. 


The  coal  is  discharged  from  the  hopper  into  a 

trolley  car  of  about  *20cwt,  capaci^,  is  then 

weighed,    and    the    weight    automatically 

recorded.    The  loaded  car  travels  down  8  per 

cent,    gradient     The   car,    after  attainme 

momentum,  picks  up  an  endless  rope  which 

lifts  a  counterweight.     The  car  unloads  itself 

over  any  bunker,  and  is  then  drawn  back*by 

I      the  counterweight  and  projected  to  the  top 

I      under  the  dischai^riDg  hopper.    See  Fig.  375, 

i      p.  611. 


[Continued  on  p,  506. 
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Power  Station  of  the  English  M 'Kenna 
Prooeas  Co.,  Ltd. 


81.  One. 

1  ton  grab. 

Smith  k  Sous,  Rodley. 
G.  C.  motors,  Siemens. 


82.  Grab  discharges  into  Klein  weighing 
hopper.     See  Fig.  878.  ' 

I 

88.  It  is  weighed  again  before  delivery  to  i 

stoker  hoppers.    See  Fig.  379,  p.  612.  , 


81  Vertical.    Fig.  876.     This  runs  over 
bunkers  also. 

40  tons  per  hour.  < 

174.     Fig.  377,  p.  611. 
6  Horse-power  motor.  i 

Babcock  k  Wilcox. 


85.  Same  as  item  84,  q.v. 


86.  800  tons. 


87.  80-88  tons :  1/11/1906. 

88.  Through    travelling      Klein     Ingray 

Wether.     Fig.  879,  p.  613. 


[Continued  on  p,  607. 
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Name  of  Oenerating  Station 
89.  AflhBemoyal 


STEAM  TURBINE  ENGINEERING 

Ohelsea.  [Fromp,  492. 

Ash  chutes  to  basement 


Special  Ash  Railway 
Haulage  in  Basement 


Emptied  into  Barges  by 
Stored  in     . 


iO.  Goal  now  used 
Caloritio  Value 
Cost  per  ton 

41.  Boiler  Flues:  Location 

Flue  Area    . 


42.  Chimneys:  Builders 
Material 


Number 
Height 

Diameter  at  top 


Self-dumping    buckets     on     Narrow     Gauge 

Railway. 
Accumulator  Locomotive  by  B.T.H.  Co.  Ltd. 

Pneumatic  hoists  on  river  wall. 
Ash  pocket. 


Alphons  Custodis  Chimney  Constmction  Co. 

4. 

276ft.  from  basement  floor. 

19ft 


Area  at  top . 

,,      bottom    . 
Height  of  Firebrick  Lining  . 
Foundations  Dimensions 


Volume  . 


48.  Boilers:  Location 

Pressure 
Maker 

Number 
Piped  in  sets  of 


Heating  Surface  each  . 

Grate  Area  each  . 

Number  of  Tubes  in  Width 

and  Height 
Capacity     each     per    hour 

normal 
Feed  water  temperature 
Capacity  when  forced  , 


288  sq.  ft 


42ft  by  42ft  by  84ft.  6in.  below  ground-floor 
level. 


2200  cubic  yards  of  concrete  in  each  foundation. 


On  two  floors. 

175  lbs.  per  so.  in. 
Babcock  k  Wilcoz,  Ltd. 

64,  with  room  for  16  more. 
8  boilers  for  each  turbine. 
Figs.  880,  881,  p.  614. 


5212  sa.  ft 
83  sq.  ft 


17,000  lbs.  per  hour. 


[Ci/nlinued  <m  p,  516. 
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Neaaden. 

89.  By  ooal  oonreyor. 


40. 


41.  28ft  wide ;  height,  6ft  to  20ft.  (over- 
head). 
104  8q.  ft.  main  flue  area. 


42.  British  Westinghouse  Co. 
Briok. 

1. 
200ft 

15ft. 


176  aq.  ft. 


GarviUe. 


[Frcmp,  498. 


Northumberland  umall  ooal. 

11,000  B.Th.U. 

58.  9d.  per  ton  in  1904. 

2  above  boilen  on  steel  girders. 

Induoed  draught,  with  natural  draught 
bye-pass. 


Steel. 

1. 

60ft  above  flue  level. 

14ft 


160  aq.  ft 


100ft 

19  by  21  by  21ft. 


310  oubic  yds. 


48.  Floor  on  same  level  as  basement  floor. 

180  lbs.  per  sq.  in.     (?)  200. 
Babcock  k  Wilcox. 

10  marine  type. 

8  with  lOin.  mains  to  headers. 


6780  aq.  ft 
118  sq.  ft. 


Original. 

200  lbs.  per  sq.  in. 
Babcock  k  Wilcox. 

10. 


20,000  lbs.  water  per  hour  normal. 

With  feed  100*  F. 

28,000  lbs.  of  water  per  hour  when' 
forced. 


I 


20,000  lbs.  of  water 


With  feedat  100' F. 
28,000  lbs.  of  water 


EaOermom  on  order, 

too. 

Stirling, 


6380  aq.  ft, 

llOsq.fU 

(5 '17  lbs.  per  hour 

pereq./t.) 
SS.OOO  lbs. 


41,250  lbs. 
[Continued  on  p.  617. 
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Name  of  Generatiiig  Station 
89.  Aflh  Bemoral  . 

Special  Ash  Railway 
Haulage  in  Basement 


Emptied  into  Barges  by 
Stored  in 


iO.  Goal  now  uMd 

Calorific  Value     . 
Cost  per  ton 

41.  Boiler  Fines:  Location 

Flue  Area    . 


42.  Chimneys :  Builders 
Material 

Number 
Height 

Diameter  at  top  . 


Area  at  top 

,,       bottom    . 
Height  of  Firebrick  Lining 
Foundations  Dimensions 


Volume 


48.  Boilers:  Location   . 

Pressure 
Maker 

Number 

Piped  in  sets  of  . 


Heating  Surface  each  . 

Grate  Area  each  . 

Number  of  Tubes  in  Width 

and  Height 
Capacity  each 


Delray. 

By  brick- lined  hoppers. 


[From  p.  494. 


Thence  by  gravity  to  trucks  on  narrow  gauge 

railway  in  basement. 
At  present  by  hand.    An  electric  storage  batteiy 

locomotive  will  be  instaUed. 


80  sq.  ft.  per  1000  boiler  horse-power. 


I  Steel,  lined  with  red  firebrick  throughout 

8. 
182ft. 

lift  (first  and  second) ;  16ft  (third).  These 
stacks  provide  a  dranght  to  operate  the 
boilers  about  {  of  their  rated  oapacity  with 
the  economisers  cut  out 

108  sq.  ft  and  201  sq.  a  (third). 


4  fans  are  erected  for  mechanical  draught,  each 
16  feet  diam.  by  6ft  6in.  wide  at  the  periphery 
directly  beneath  the  chimneys,  and  (uiven 
by  Chandler  k  Taylor  antomatio  steam 
engines,  using  less  than  1  per  cent  of  the 
boiler  power  they  serve. 


200  lbs.  per  sq.  in. 
Stirling  Co. 

24. 

6  for  each  turbine. 


4884  sq.  ft 


620  horse-power. 


[Continued  onp,  518. 
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L.  Street,  Boston. 

89.  Ashes  fall  into  suspended  pit 

Soot  chute  marked  F  behind  fire 
bridge,  p.  479. 


40 


Horse-drawn  carts. 


41. 


42. 


Gustodis  radial  brick. 


260ft    above    foundation;    232ft 

above  grate. 
16ft 


200  sq.  ft  ;  426*  to  626*  F.  tem- 
perature of  gases. 


48. 


Qnincy  Point. 


\Fromp»  495. 


176  lbs.  per  sq.  in. 
Babcock  k  Wilcox. 

16. 

8. 


5118  sq.  ft. 

110  sq.  ft.  on  incline,  1760  total. 

18  and  14,  18ft  long. 


The  ashes  drop  from  front  of  boilers 
direct  into  cars  on  a  narrow  gauge 
track  in  the  subcellar. 


George  Creek,  Cumberland  Coal. 
14,000  B.Th.U.  per  pound. 


Floor  is  14ft  above  grade  ;  the  subcellar 
is  utilised  for  ash  tracks. 

200  lbs.  per  sq.  in. 

8  by  Aultman  &  Taylor,  2  by  Babcock  k 
Wilcox. 

Ten  760  horse- iwwer  water- tube  boilers. 

2.  Each  pair  of  opposite  boilers  con- 
stitutes a  boiler  unit,  and  is  provided 
with  an  engine-driven  blower  for  forced 
draft 


[CoTUinued  oil  p,  519. 
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Name  of  Generating  Station 
39.  AflhBemo^l. 


STEAM  TURBINE  ENGINEERING 

Yoker. 

By  the  coal  conveyora. 


Special  Ash  Railway    . 

Haulage  in  Basement  . 

Emptied  into  Barges  by 
Stored  in     .        .        . 

40.  Coal  now  need 

Calorific  Value    . 
Cost  per  ton 

41.  Boiler  Flues  :  Location  . 

Flue  Area    . 


42.  Chimneys:  Builders 
Material 

Number 
Height 

Diameter  at  top  . 


Area  at  top. 

,,      bottom    . 
Height  of  Firebrick  Lining 
Foundations  Dimensions 


Volume 


48.  Boilers:  Location  . 

Pressure 
Maker 

Number 

Piped  in  sets  of   . 


Heating  Surface  each  . 

Grate  Area  each  . 

Number  of  Tubes  in  Width 

and  Height 
Capacity      .... 


[Framp  496. 


Along  the  back  of  the  boiler-house. 


Custodis  type  of  special  perforated  and  moul  led 

bricks. 
1. 
225ft.  above  foundations. 

lift. 


103  sq.  ft. 

14ffc.  diauL,  150  sq.  O. 
85ft  above  foundations. 
2116  sq.  ft.  area. 


2  tons  average  weight  over  the  entire 
sq.  ft 


175  lbs.  per  sq.  in. 
Babcock  k  WUcoz. 

4  double-drum  water  tube. 


per 


4400  sq.  ft. 


[Continual  on  p,  520. 
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Motherwea 


!  Thornhill. 


[Fromp.A^I, 


89.  Duplicate  of  Yoker,  except  condenser.      By  gravity  into  small  tip  trucks  on  a 

2ft.  gauge  railway  in  basement,  finally 
charged  into  barges. 


40. 


41. 


42. 


48. 


Daily  tests  being  made. 

In  basement. 

26  «}.  ft.  for  1  boiler ;  34  sq.  ft. 
boilers  ;  40  sq.  ft.  for  3  boilers. 

Steel. 

2,  one  to  each  set  of  8  boilers. 
150ft 

10ft. 


78  8q.  a 

62ft.  from  base. 


for  2 


160  lbs.  per  sq.  in. 
Babcock  k  Wilcox. 

6,  for  the  6000  kilowatt  plant. 
6,  only  4  installed. 


5780  sq.  ft. 
100  sq.  (t 


20,000  lbs.  of  water  per  hour  :  feed  at 
60"  F. 


[Ckmlimied  on  p.  521. 
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Name  of  Generating  Station 
89.  AshBemoval. 

Special  Ash  Railway 
Haulage  in  Basement 


Emptied  into  Barges  by 
Stored  in  . 


40.  Goal  now  used 

Calorific  Value 
Cost  per  ton 

41.  Boiler  Flues :  Location 

Flue  Area    . 


42.  Chimneys :  Builders 
Material 

Number 
Height 

Diameter  at  top  . 


Area  at  top .        .        .        . 

,,      bottom    . 
Height  of  Firebrick  Lining . 
Foundations  Dimensions 


Volume 


Badcliife. 


[/Vtwip.  498. 


48.  Boilers:  Location 

Pressure 
Maker 


From  bunkers  into  measuring  shoots,  thenoe 
into  stoker  hoppers. 

By  gravity  into  ash  trucks  running  on  a  light 
railway  track  in  the  basement 


Under  each  row  of  boilers. 


Steel. 

2,  one  to  each  set  of  3  boilers. 
160ft. 


160  lbs.  per  sq.  in. 
Babcock  k  Wilcox. 


Number 
Piped  in  sets  of 


Heating  Surface  each  .        .6700  sq.  ft. 
Grate  Area  each  .        .        .  |  100  sq.  ft. 
Number  of  Tubes  in  Width 

and  Height  | 

Capacity      .         .        .        .  ,  20,000  lbs.  of  water  per  hour,  with  feed  at  80*  F. 


[Coniinucd  on  p.  522. 
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BrimBdown.  [From  p.  499. 

89.  By  hand  into  ooal  conveyor. 

None. 

Conveyor, 

Cart  at  present 
Ash  bunker. 


iO. 


12,000  B.Th.U. 
lis.  9d. 


41.  Back  of  Boilers  on  B.H.  floor  level. 
10ft  x8ft=80sq.  ft 


42. 


)tt  &  Co. 
IteeL 


One. 
160ft 


10ft 


78  sq.  ft. 

160a 

Concrete  10ft  deep. 

Brick  base  20  ft  aoove  ground. 


48.  One  floor.     Parallel  with  turbines. 

165  lbs.  per  sq.  in. 
Babcock  k  Willcox. 


4400  sq.  ft 
56  sq.  ft. 


English  M^Eonna  Process  Go. 


Babcock  k  Wilcox 

St^l. 


I  165  lbs.  per  sq.  in. 
I  Babcock  k  Wilcox. 

4  Babcock    k    Wilcox    boilers    and    8 
Hyde  waste-heat  boilers,   260    H.P. 
I      supply  steam  through  a  9-inch  pipe 
I       to  sejiarately  fired  sujjerheater. 


15,000  lbs.  per  hour. 


7500  lbs,  water  per  hour. 


[Continued  onp,  523. 
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STEAM  TURBINE   ENGINEERING 


Fio.  371. 


Fio.  872. 

Figs.  871,  872,  and  378. — Lots  Road,  Chelsea  :  Coal-Receiving  Arrangements  at  East 

Inclined  Bucket  Conveyor  (item  84,  p.  492). 
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->-i 


Fio.  373. 


End  of  Power-House.    Travelling  Cranes  span  the  Large  Basin  (item  31,  p.  492). 
(Trckmioay  and  Railtoay  World,) 
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EXAMPLES  OF  STEAM  TURBINE  PLANTS 


611 


03 


I 


•c 

P3 

I 


2 


1 

o 


I 


c 


pa 


512 


STEAM  TURBINE  ENGINEERING 


Fio.  878. 

Fios.  878  and  879. — Brimsdown  :  Goal-weighing 
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Fio.  879. 
Arrangements  on  anival  and  before  firing  (item  32,  p.  499). 


33 
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STEAM   TURUINK  ENGINEERING 


Fio.  381.— Lots  Road,  Chelsea:  Piping  from  Eight  Boilers  to  One  Header. 
{Photo  by  Elec.  RevUm.) 


Fio.  882.— Lots  Road,  Chelsea  :  Feed  Pump.      {EUc.  Review.) 
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STEAM   TURBINE  ENGINEERING 


Name  of  Oenerating  Station 
44.  Mechanical  Stoken 


Motor  for  Stoken 
„      Type         .        .        . 

45.  Superheater :  Type 

Superheating  Surface  each   . 

Degrees  added 
Final  Temperature 

46.  Boiler  Feed:  Number  of  Mains 


Diameter 
Feed   Pumps   connected    to 
each 
Pumps :  Total  number    . 

Maker 

Type  .... 


Steam  Cylinders 
Stroke 

Pump  Plungers 
Diameter     . 
Overall  Size 
Capacity  each 

Against 
Using  Steam  at 
Steam  received  from 
Steam  exhausts  to 

Steam  consumed  . 

47.  EconomiserB:  Number 
Type  .        .        . 

Number  of  Tubes 
Length  of  Tubes  . 
Internal  Diameter  of  Tubes 
Heating    Surface    for    each 

Boiler 
Scrapers  driven  by 


Thermometer  for  Feed  Water 


Lots  Bead,  Ohehmi.  [From  p.  500. 

83  sq.  ft.  '  chain  grate  '  each  boiler. 


12,  each  15  horse- power. 

Westinghouse  C.B.  3  phase,  220  volts,  635 
R.p.m.,  four  lines  of  shafting  under  floor, 
3  motors  on  each. 

Babcock  k  Wilcox. 

672  sq.  ft. 

160'  F. 
580'  F. 

2,  one  on  each  boiler-room  floor,  Ring. 


2,  take  supply  from  either  of  two  pumps  and 

feed  either  of  two  groups  of  boiler. 
8  in  basement.     Fig.  382  anU^  p.  515. 

7  Worthington  Steam  Pump  Coy. 

Vertical  Simplex  Compouna.     1  Heisler,  £rie, 

Pa.    triple    expansion,    with   compensating 

valve  gear. 
16^in.  and  26in.  ;  Worthington. 
18in. 
2. 

9iio. 

14ft.  high  by  8ft.  wide. 
18,000  gallons  per  hour. 

225  lbs.  per  sq.  in. 
165        ..         „ 

Feedwater  heater. 

1  lb.  steam  per  120  lbs.  water  delivered. 

12  Greens,  each  676  tubes. 
8  „  288     „ 

9216. 

10ft  at  lOJiu.  and  12iin.  centres. 


16  motors,  one  motor  to  each  576  tubes,  of 
3  horse-power,  B.T.H.  Co.*8  lype  A.I.T., 
3  phase,  220  volts,  955  R.p.m. 

At  each  end  of  each  group. 

[Continxud  on  p.  524. 
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Neaeden. 

H  Roney,  12ft.  wide  by  about  7ft.  deep. 


Superseded  now  by  chain  grates. 
Westinghouse  Engines. 

Single   acting   compound  through 
worm  geanng. 


46.  Babcock  k  Wilcox. 

894  aq.  ft. 

180"  F. 
560*  F. 

46.  2  mains  7in.  diam.  from  feed-pumps 
tapering  to  4in.  diam.  at  last  Doiler. 


2  pumps,  both  connected  to  both 

mains. 
2. 

Weir. 

Tandem  compound. 


Sin.  and  14in. 

24in. 

Gun-metal. 

9in. 

16ft.  height. 

20,000    gallons    per    hour    (rated 

evaporation  of  all  10  boilers). 
180  lbs.  pressure. 
180  lbs.  per  sq.  in.  superheated. 
12in.  header. 
Feed  heaters. 


47.  1,  E.  Green  k  Son,  Ltd.,  Manchester.    | 


Oanrille. 
Chain  grate. 


[Fromp,  501. 

With  thermal  stor- 
age boiler  capac- 
ity 50,000  lbs.  per 
hour  for  £  hours 
per  day.  **  En- 
gineering" Nov. 
4, 1905. 


UQT  F.  1 150r  F. 

No  oil-separating  device. 


1  to  each  set  of  5  boilers. 

3,  one  is  spare. 

Clark,  Chapman  k  Co. 

Woodeson. 

No  oil  used  in  cylinders. 

No  rings  fitted  to  pistons. 


150,000  lbs.  of  water  ()er  hour. 

200  lbs.  per  sq.  in. 

Boilers  by  special  pipe. 
Hotwell  (through  a  spiral  coil,  where 
it  is  condensed). 


1760. 
10ft. 

4  in. 

184  sq.  ft. 

5  horse-power  3  phase  motor,  440 
volts. 


Green. 


Motor. 


[Contin%ud  on  p.  525. 
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Name  of  Generating  Station 
44.  Mechanical  Stoken 


STEAM  TURBINE  ENGIXEERtSG 

.  ,  Delruy,  U.S. A.  [Fromp,  602. 

.  I  12  under  each  battery  of  6  boilers.     Roney. 


Motor  for  Stokers 
M      Type 


2  steam  engines. 


45.  Superheater:  Type 

Superheating  Surface  each    . 

Degrees  added 
Final  Temperature 

46.  Boiler  Feed :  Number  of  Ring 

Mains 


Diameter 

Feed    Pumps   connected 
each 
Pnmpe :  Total  number    . 

Maker 

Type  .... 


to 


Steam  Cylinder 
Stroke 

Pump  Plungers 
Diameter     . 
Overall  Size 
Capacity  each 


Against 

Using  steam  at    . 
Steam  received  from 
Steam  exhausts  to 

Steam  consumed  . 

47.  EconomiserB :  Number 
Type  . 


2000  sq.  ft 

275**  F.  at  boilers. 


From  hotwell  into  which  condenser  air  pumps 
discharge. 


Each   battery   of   six    boilers  is   fed   by  an 

independent  pump. 
2,  also  on  each  boiler  an  International  Injector 

for  emergency  use. 
Worthington. 
Turbine  centrifugal  pump. 


Two  60  H.P.  Induction  motors. 
8  inch. 


Number  of  Tubes 
Length  of  Tubes  . 
Internal  Diameter  of  Tubes 
Heating    Surface   for    each 

Boiler 
Scrapers  driven  by 

Thermometer  for  Feed  Water 


8. 

Westiughousc  patent  circulating  ^lattem  by  the 

Greene  Fuel  Econ.  Co. ,  with  scraping  gear. 
104  sections  of  12  tubes  in  each  of  4  banks. 
One  economiser  for  6  boilers. 


10  horse-power  induction  motors ;  flue 
enter  460"  F.,  leave  200**  F.  ;  water 
heaters  at  176' F. 


[Continued  on  p.  526. 
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L.  Street  Boston,  U.S.A. 
44.  Roney. 


Induction  type. 

46.  Baboock  k  Wilcox.     Internal. 
867  sq.  ft 
150"  F. 

46. 


519 


Quincy  Point,  lEase.,  U.S.A. 

[From  p,  608. 
The  8  Aultman  k  Taylor  boilers  have 


Jones  under-feed  sto) 


lylor  I 
•Ken. 


1   to  each   turbine.       Injector   as 
stand-by. 

Duplex  centre-packed  plunger. 


Internal  type.     8  Foster  and  2  B.  &  W. 


66"  F. 


The  feed  water  is  normally  taken  from 
the  hot-water  storage  tanks  which 
receive  the  condensed  water  from  the 
condf  users  ;  it  is  then  pumped  through 
steam-driven  Snow  pumps  to  National 
type  heaters. 


I 


47. 


[Continued  on  p.  527. 
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Name  of  Generating  Station 
44.  Mechanical  Stokers 


SfKAM   TURBtNE  EI^GtXEERtNG 

Yoker.  [Frotnp.  504. 

4  Roiiey  stoker  by  Westinghousv  Co. 


Motor  for  Stokers 

„    Type         .        .        . 

45.  Superheater:  Type 

Superheating  Surface  each   . 

Degrees  added 
Final  Temperature 

46.  Boiler  Feed  :  Number  of  Ring 

Mains 


Diameter     . 
Feed    Pumps   connected    to 
each 
Pumps  :  Total  number    . 

Maker 

Type  .... 


Steam  Cylinders 
Stroke 

Pump  Plungers 
Diameter     . 
Overall  Size 
Capacity  each 

Against       .... 
Using  steam  at    .         .         .  | 
Steam  received  from 
Steam  exhausts  to 

Steam  consumed  . 

47.  Economisers:  Number   . 
Type  .        .         .         . 

Number  of  Tubes 
Length  of  Tubes  . 
Internal  Diameter  of  Tubes 
Heating    Surface    for    each 

Boiler 
Scrapers  driven  by 


Thermometer  for  Feed  Water 


Through  worm  gearing  by  steam-engines. 

5  horse-power  Westinghouse  engines  400  R.p.m. 


160*  F. 


The  feed  water  from  hotwell,  to  which  it  is 
pumped  from  the  condensers  by  a  centrifugal 
pump  driven  by  a  vertical  shaft  motor. 


2  in  the  basement. 

J.  P.  Hall  k  Sens,  Ltd. 
Tandem  compound  double-acting. 


9600  gallons  per  hour. 
175  lbs.  per  sq.  in. 


1  to  each  jMiir  of  boilers ;  1  in  2  sections. 
Green, 

480  ( Engineer  stated  480  tubes). 
10ft. 


[Continued  <m  p,  528. 
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Hotherwell. 
41 


46. 


46. 


47.  Duplicate  of  Yoker. 


Thornhill.  [Fritm  p,  505. 

2  chain  grates  to  each  boiler. 


7  hone-power,  600  R.p.m.,  220  volts 
shunt  wound,  totally  enclosed. 


Babcock  k  Wilcox,  luside. 


150"  F. 


Hall. 
Compound. 


8000  gallons  per  hour. 

200  lbs.  per  sq.  in. 

Sin.  diam.  auxiliary  header. 


[Gontintied  on  p.  529. 
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Name  of  Generating  Station         .  ;  Baddiife.  [From  p,  506. 


44.  Mechanical  Stokers 


Motor  for  Stokers 
M     Type 


Chain  grates. 


46.  Superheater :  Type 

Superheating  surface  each 

Degrees  added 
Final  Temperature 

46.  Boiler  Feed:  Number  of 
Mains 


Diameter     .... 
Feed    Pumps   connected  to 
each 
Pnmpe :  Total  number 

Maker 

Type  .... 


Steam  Cylinders 

Stroke 

Pump  Plungers 

Diameter 

Overall  Size 

Capacity  each* 

Against 

Using  Steam  at 
Steam  received  from    . 
Steam  exhausts  to 

Steam  consumed . 

47.  Economiaers :  Number   . 
Type  .... 

Number  of  Tubes 
Length  of  Tubes 
Internal  Diameter  of  Tubes 
Heating    Surface    for    each 

Boiler 
Scrapers  driven  by 


Thermometer  for  Feed  Water  ' 


Babcock  &  Wilcox.     Inside. 
508  sq.  ft. 
160'  F. 


Messrs  J.  P.  Hall  k  Sons,  Ltd. 
Steam-pump,  compound  type. 


12in.  <  2(Hn.  x  ll|in. 
24in. 


10,000  gallons  per  hour. 
200  lbs.  per  sq.  in. 


[Continued  on  p.  530. 
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Brinuidown.  [From  p.  507 

44.  Chain  grates. 


16  H.  P. 

C.C.  worm  drive. 

46.  Babcock  k  Wilcox.     Internal. 
508  sq.  ft 
146'F.  (120°  F.  at  turbo). 

46.  Two. 


No  oil-separating  device. 
Yes. 

3. 

J.  P.  Hall  &  Sons,  Ltd. 
Double-acting,  vertical,  compound. 


7i  and  12^  diameter. 

15in. 

Gun-metal. 

7iin. 

8ft.  X  2ft.  X  2ft 

4000  gallons  per  hour. 


523 


Power  Station  of  the  English  M'Eenna 

Process  Co.,  Ltd. 
4  inclined  chain-grate  stokers. 


165  lbs.  per  sq.  inch. 
165  lbs.  per  sq.  inch. 

Feed  heater. 


47.  None. 


8  horse-power  8  phase,  through  worm 

gearing. 
Each  pair  of  boilers  has  its  own  shafting, 

coupled  to  worm  gearing  by  clutch. 


4  internal  superheaters,  B.  &  W.  ;  also 
1  independently  fired  superheater, 
B.  k  W.,  having  capacity  120  F.  of 
superheat  to  45,000  Ids.  of  steam  per 
hour. 


2,  one  to  each  pair  of  boilers. 


A  Hall  slow-speed  steam ;  a  Hayward 
Tyler  3-throw  electrical. 


3500  gallons  per  hour. 


[CoTitinued  on  p.  581. 
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STEAM   rVRBINE  KNGINKERING 


Name  of  Generating  Station 


Lots  Road,  Chelsea. 


[From  p.  516. 


48.  Steam  Piping :  | 

Each  Boiler  supplies  Steam     6in.  solid  drawn  pipe  to  header, 
through 

Pipe  Covering 

Pipe  Flanges 

Header 

Maker  of  Pipes 

49.  Water  Supply: 

Taken  from 

Taken  from  Well 


Depth  of  Well 


50.  Auxiliary  Water  Supply 

51.  2nd  Auxiliary  Water  Supply . 

52.  Main  Steam  Pipe  to  each  Tur- 

bine 

Main  Steam  Pipe  to  all  Ex- 
citers 
Auxiliary  Pipe     . 

Expansion  taken  by     . 
Flanges        .... 
58.  Auxiliary  Header  . 
Supplied  from 

Expansion  taken  by     . 
Flanges       .... 
54.  Condensed    Steam    from    Con- 
densers 


55.  B'eed-water    Heaters   get    heat 
from  Exhaust  of 


Stamped    steel    screwed    on   and   afterwards 
I      expanded. 
'  To  each  group  of  8  boilers. 

I  Babcock  k  Wilcox. 

I  Storage  tank  on  second  floor  of  oil -cooling  house. 

S^in.  Artesian  well  by  compressed  air. 
576ft. 


Town  mains  through  ball-valve. 

River  water. 

14ins.  diam.  lap-welded  steel. 


Easy  bend. 

Stamped  steel,  riveted. 

1  Oins.  diam.  for  exciter  engines. 

3  of  the  main  headers  by  lOin.  diam.  solid 
drawn  steel  pipe. 

Easy  bends. 

Stamped  steel,  riveted. 

Is  fed  into  the  high-level  suction  and  falls 
through  feed-water  heaters  into  lower  suction 
pipe,  from  which  it  is  pumped  through  the 
economisers. 

Boiler  feed  pumps  ;  a  sump  is  provided  for  con- 
densed steam. 


56.  Main  Steam  Turbine  .  \  Figs.  383,  384,  d.  540.    See  also  pp.  140-4. 

Type !  Horizontal  double- flow  Westinghouse-Parsons. 

Number      .  .        .  |  8. 

I 

Rated  Output  .  |  5500  K.W. 

Maker  .  '  British  Westinghouse. 

Speed I  1000  revolutions  per  minute. 


[Contintied  on  p.  582. 
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Neasden.  Carville.  [From  p.  617. 


48. 


Tin.  steel  welded  pipe. 


Minimum  number  of  dissimilar  [3ai>t8.^ 
Solid  drawn  mild  steel  pipe. 


I 


Mafi^esiam    covering   by  Hobdell, 

Way  &  Co.,  London.  | 

Welded  steel.  |  l-'orged  steel. 


Piggott  k  Co. ,  Birmingham. 
2  Artesian  wells. 

First  well,  82,000  gallons  per  hour 
capacity ;  second  well,  15,000 
gallons  per  hour  capacity. 

400ft  storage  in  a  lake  of  2  acres, 
5ft.  depth,  and  6,500,000  gallons 
capacity. 
50.  Town  mains. 

61. 

62.  lOin.  diam. 

The  Holly  System  of  Drains  is  in- 
stalled. 


68. 


Large  bends. 

Ste^  shrunk  and  welded. 


Large  bends. 


64.  Pumped  to  top  of  cooling  towers ;  water 
from  base  of  tower  flows  into  lake. 


66.  Auxiliary  pump  engines. 


66.  Fig.  386,  p.  642. 
Double- flow. 
4. 


3600  K.W. 

British  Westinghouse. 

1000  revolutions  per  minute. 


Fig.  356,  afUe,  p.  475. 

Parsons. 

4. 


Two  2000  K.W.,  two  4000  K.W.2 
C.  A.  Parsons  k  Co. 

1200   revolutions    per    minute.      Max. 
varied  5  per  cent. 

[Coniinxicil  on  p.  638. 

^  Discussion  by  Mr  J.  H.  Bosenthal  on  '*  Power  Station  Design,"  by  Merz  k 
McLellan,  Ptoc.  Inst,  E.S.,  p.  874,  28th  Apr.  1904. 
3  Fig.  866  rates  these  at  3600  K.  W. 
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STEAM  TURBINE  ENGINEERING 


Name  of  Generating  Station. 

48.  Steam  Piping: 

Each  Boiler  supplies  Steam 
through 


Pipe  Flanges 

Header 

Maker  of  Pipes    . 
49.  Water  Supply: 

Taken  from  (Feed  Pipes) 

Taken  from  Well 


Delray,  U.S.  A. 


[Prom  p.  518. 


I 


Depth  of  Well     . 


50.  Auxiliary  Water  Supply 

51.  2nd  Auxiliary  Water  Supply  . 

52.  Main  Steam  Pipe  to  each  Tur- 

bine 

Main  Steam  Pipe  to  all  Ex- 
citers t 
Auxiliary  Pipe     . 

Expansion  taken  by     . 
Flanges       .... 

53.  Auxiliary  Header  . 

Supplied  from 

Expansion  taken  by     . 
Flanges       .... 

54.  Condensed   Steam    from    Con- 

densers 


65.  Feed -water  Heaters  get  heat 
from  Exhaust  of 


56.  Main  Steam  Turbine 


Tyi»e 
Number 


Rated  Output 

Maker 

Speed 


Steel  pipe,  extra  heavy. 


Detroit  River. 


2  elevated  tanks  of  60,000  and  10,000  gallons 
capacity.  "'^ 


Duplicate  Sin.  motor-driven  Worthington  low- 
pressure  turbine  pumps,  each  capable  of 
supplying  all  the  water,  force  the  hotwell 
water  through  cast-iron  mains  to  four  5000 
horse-power  Cochrane  feed-water  heaters. 

Fig.  386,  p.  543. 

Four-stage  Curtis,  vertical. 

4. 


3000  K.W. 

General  Electric,  Schenectady. 


[Continued  on  p.  534. 
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L.  Street,  Boston,  U.aA. 

48. 

6in.  diam.  pipe;  Sin.  diam.  pipe 
each  pair  of  boiler;  12iD.  and 
15in.  diams.  pipe  increase  with 
each  pair. 

Steam  piping  to  turbine. 


49. 


Hot-well  feed-water  piping,  large 
flanged  copper ;  feed-water  piping, 
small  screwed  brass. 


50. 

51. 

52.  16in.  diam.,  1*3  8<).  ft.  area,  2 
branches  lOin.  diam.,  5000 cu.  ft. 
per  min.,  64ft.  per  sec.  velocity. 


,  U.S.A. 

\^From  p,  619. 


12  in.  diam.  main  steam  header. 


Feed  piping  over  Sin.   diam.   is   cast- 
iron,  less  than  Sin.  brass. 


City  mains.    (See  item  69,  p.  578.) 


6in.  diam. ;  auxiliaries  consume  5  per 
cent,  of  main  unit. 


58. 


54. 


55.  Exhaust,  all  auxiliaries. 


56.  Figs.  388,  389,  390,  p.  545. 
Curtis. 
2. 


6000  K.W. 
General  Electric  Co. 


Figs.  391,  392,  393,  p.  548. 
Four-stage  Curtis,  vertical. 
5. 


2000  K.W. 

General  Electric  Co.  of  Schenectady. 


[Continued  on  p.  635. 
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Name  of  Generating  Station 

48.  Steam  Piping : 

Each  Boiler  supplies  Steam 
through 


Pipe  Flauges 

Header 

Maker  of  Pipes    . 
49.  Water  Supply: 
Taken  from 

Taken  from  Well 


Yoker. 


[Fromp,  520. 


City  mains. 


Depth  of  Well     . 


50.  Auxiliary  Water  Supply 

51.  2nd  Auxiliary  Water  Supply . 

52.  Main  Steam  Pipe  to  eaoh  Tur- 

bine 

Main  Sfceam  Pipe  to  all  Ex- 
citers 
Auxiliary  Pipe    . 

Expansion  taken  bj' 
Flanges       .... 
58.  Auxiliary  Header  . 
Supplied  from 


River. 


Expansion  taken  by     . 
Flanges       ... 
54.  Condensed    Steam    from    Con- 
densers 


55.  Feed-water   Heaters    get    heat 
from  Exhaust  of 


An  auxiliary  heater  by  J.  Wright  k  Co.,  700 
sq.  ft  heating  surface. 


56.  Main  Steam  Turbine  .  I  Figs.  394-5,  p.  560,  also  pp.  146-7. 

Type i  Double-flow  Westinghouse- Tarsons. 

Number  .         .         .12.     The  engine-room  will    acconunodate    one 

I       more  unit  of  2000  K.W.  and  one  of  8500 

I       K.W. 
Rated  Output               .        .   >  3000  horse-power. 
Maker         .                         .  {  British  Westinghouse. 
Speed 1500  revolutions  per  minute. 


[Continued  on  p.  586. 
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Motherwell. 
48.  Duplicate  of  Yoker 


ThornhilL 


[Fromp,  621. 


Mild  Bteel,  lap-welded,  riveted  branches 

I  7in.  diam.  pipe  into  12in.  diam.  main 

steam  pipe,  2  separators  at  each  end 

of  steam  ring.     The  steam  through 

I2in.  diam.   separators   into   header 

j      parallel  to  engine-room. 


49. 


'  2  hotwells ;  they  receive  the  discharge 
,      from  the  condensers. 

I  The  arran^ment  of  the  steam  and  feed- 
I      water  piping  is  designed  so  that  one 

half  of  the  boiler-house  can  be  isolated 

from  the  other. 


50. 

51. 
52. 


Sins.  diam.  off  main  header. 


55 


6ins.    diam.   to  exciters;    Sins.    diam. 
auxiliary  to  exciters. 


53. 


51 


Sins.  diam.  underneath  main  header. 
Sins.  diam.  line  over  each  set  of  boiler. 


561 


Figs.  897,  898,  p.  558. 
Vertical  Curtis. 
8. 


1500  K.W. 

British  Thomson-Houston. 

1000  revolutions  per  minute. 


[Continued  an  p.  587. 
34 


530 


STEAM  TURBINE  ENGINEERING 


Name  of  Generating  Station 

48.  Steam  Piping: 

Each  Boiler  supplies  Steam 
through 


Pipe  Flanges 

Header 

Maker  of  Pipes    . 
49.  Water  Supply: 
Taken  from 

Taken  from  Well 


BadcUffe. 


[Fnm  p.  622. 


I 


Depth  of  Well 


50.  Auxiliary  Water  Supply 

61.  2nd  Auxiliary  Water  Supply  .  j 

62.  Main  Steam  Pipe  to  each  Tur-  , 

bine 

Main  Steam  Pipe  to  all  £x-  | 

citers 
Auxiliary  Pipe 

Expansion  taken  by     . 
Flanges 
68.  Auxiliary  Header  . 

Supplied  from 


Expansion  taken  by     .         .   i 

Flanges       .        .        .        .  ' 

54.  Condensed    Steam    from    Con-  i 

densers  ! 


66.  Feed- water    Heaters   get    heat 
from  Exhaust  of 


66.  Main  Steam  Turbine 
Type  .         .         . 
Number 


Rated  Output 
Maker 
Speed . 


Figs.  899,  400,  p.  556. 

Vertical  Curtis. 

4. 


1500  K.W. 

British  Thomson- Houston. 

1000  revolutions  per  minute. 


{CofUinued  on  p.  588. 
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Brimsdown.  [From  p.  528.  i  Power  Station  of  the  English  M'Kenna 

Proceae  Co.,  Ltd. 
48.  !  Electrically  welded. 

Ring  or  balancing  main  direct. 


49. 


W.S. 

Lap  welded  Steel. 
J.  Spencer  k  Co. 
Well  or  Town  mains. 


Electrically  welded. 

lOin.,  dropping  to  8in.,  running  along 

power-house. 
Messrs  Stewarts  k  Lloyds,  Ltd. 

15,000  gals,  per  hour  to  storage  tank 
60  ft.  above  ground  level,  by  Alley  k 
MacLellan,  Ltd.,  steam  driven  air 
compressor  (85  lbs.  per  sq.  in.). 


20  ft. 


400  ft. 


60.  Metropolitan  "Water  Boai-d. 

51. 

52.  7  ins.  diam. 


6in.  Holden  k  Brooke's  traps  drain  the 
pockets  electrically  welded  on  the 
steam  pipes. 


Expansion  bend  on  main  range. 
14  ins.  diam. 
58.  6  ins.  diam. 

Saturated  steam  valve  or  boilers. 

Bend. 
12  ins. 
64.  To  hotwell  by  gravity,  no  filtering. 


56.  Pumps  only. 


66.   Fig.  401,  p.  567. 

Horizontal  parallel  Aow. 


See  pp.  488,  490. 
■  Wilians-Parsons. 
I  3. 


Parsons. 

l.'iOO  revolutions  per  minute. 


750  K.W.  each  at  0*8  power  actor. 
1500  revolutions  per  minute. 


[Continued  on  p,  539. 
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Name  of  Generating  Station 
Speed  Control 


Bed-plate  DimenBions 
Height  above  Floor 
Platform  Dimeniions 
Foundation 
Area    . 

Steam  Pressure 
Superheat    . 
Overload  supplied 


57.  Steam  Consumption,   lbs.    per 
K.W.H. 


Guarantees  with 


At  25  per  cent,  overload 

Full  load     .         .        .  . 

}load          .        .        .  . 

iload          .        .        .  . 

iload          .         .        .  . 

Rotating  portion . 

Weights      .        .        .        . 
Peripheral  Speed  of  Drum    . 

Main  Bearings 

Cooled  by    . 

Quantity  Water  circulated  . 

Coupling  to  Generator 
58.  Steam  Valyee. 

69.  Emergency  Oovemor 

60.  Centrifngal  Oovemor     . 


61.  After    Ipasslng     through     the 
valves  Steam  enters 


LotsBoad,  Chelsea. 


[From  p.  524. 


10  per  cent,  above  or  below  normal  by  electric 
control  operated  from  control  board. 


48ft  l^ins.  by  lift.  4ins. 

ISft  lOins. 

4ft  6ins.  above  floor,  overhangs  bed-plate. 

50ft  by  15ft  by  39ft  deep  each.     See  p.  442. 

750  sq.  ft. 

175  lbs.  per  sq.  in. 

100**  F.  at  the  turbine. 

50  i)er  cent,  per  automatic  by-pase. 


165  lbs.  per  sq.  in.,  100*  F.  superheat 


26in.  vacuum. 
21-4  lbs. 
20-9  lbs. 
23  lbs. 
24-7  lbs. 


27in.  vacuum. 
18-3  lbs.  perK.W.H. 
17-7  lbs.  per  K.W.H. 
201  lbs.  perK.W.H. 
21 -4  lbs.  perK.W.H. 


6ft.  5in.  diam.  rolled  steel  drum. 

336ft.  ]>er  second. 

Spherical  cast-iron  lined  with  babbitt 

Water  circulation. 

40  gallons  \\eir  minute  when  ret|uired. 

*  Flexible  claw  *  of  forged  steel  running  in  oil. 

The  steam  passes  on  its  way  to  the  turbine 
through  the  following :— Main  disc-type  stop 
valve,  operated  from  platform  by  gearing. 

Operates  at  maximum  speed  an  auxiliary 
valve,  which  in  turn  closes  emergency  shut- 
down valve.     Through  steam  strainer. 

Geared  to  turbine  shaft,  operates  a  double-seat 
poppet  valve  through  a  small  steam  relay. 

At  middle,  and  {Munes  in  two  directions  through 
expanding  nozzles. 

[CoTUinued  <mp,  562. 
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Neasden. 

Mechanioi&l  and  eleotricaL 


See  p.  442,  Fig.  337. 
41  i  by  12  by  22ft  deep. 
175  lbs.  per  Bu.  in. 
180"  F.  at  turbine. 
25  per  cent,  for  6  hours  with  26iii. 
racuum. 
fi7. 


160  lbs.  per  sq.    in.    pressure,  27in. 
vacuum  rated  load. 


OarviUe. 


[Fromp,  526. 


17  lbs.  perK.W.H. 
20ilbs.per£.W.H. 

Turbine  weighs  16}  tons  ;  generator 
weighs  17  tons. 

18,000ft.  per  min. 

16in.  diameter. 

Oil  (under  pressure)  and  water. 

1000  gallons  per  hour. 


68.  By  Fletcher   k    Co.,    Ashton-under- 
Lyne. 


58.  Controls  speed  10  per  cent  above 
nomuu  ;  position  on  end  of  main 
shaft 

00.  Worm  gear  (ratio  10  to  1)  from  main 
shaft,  controlled  by  electricity 
from  switchboard. 

61. 


3  per  cent  between  *' no-load''  and 
normal  load;  5  per  cent  between 
**  no  load  '*  and  maximum  load ;  6  per 
cent  when  running  at  maximum  load. 

14-5ft 


200  lbs.,  150^  F.,  95  per  cent  (28*5in.). 


151bs.perE.W.H. 

Merz     k     McLellan,     British     A$ni, 
Engineer,  9/9104, 


18  lbs.  per  K.  W.,  4000  K.W. 

19  lbs.  per  K.W.,  2000  K.  W. 


Ordinary  goyemor  supplemented  b^ 
special  governor  and  valve  to  admit 
high-pressure  steam  to  low-pressure 
turbine  for  overloads. 


[CaiUinued  on  p.  563. 
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;  Delray,  U.S.  A.  [From  p.  526. 


Name  of  Generating  Station 

Speed  Control 


Bed-plate  Dimensions 
Height  above  Floor 
Platform  Dimensions 
Foundation 
Area    . 

Steam  Pressure 
Superheat   . 
OverlocMl  supplied 


57.  Steam  Consumption,   lbs.   per 
K.W.H. 


Guarantees  with 


200  lbs.  per  sq.  in. 
200"  F. 


At  26  per  cent,  overload 

Full  load     .        .         .  . 

I  load  .        .        .  . 

iload         .        .        .  . 

iload  .        .        .  . 

Rotating  portion 

Weights      .        »         .         , 
Peripheral  Si)eed  of  Drum  . 

Main  Bearings     . 

Cooled  by    . 

Quantity  Water  circulated  . 


Coupling  to  Generator 
68.  Steam  Valves 


12  poppet  valves  on  each  side,  controlled  by 
magnets. 


59.  Emergency  Governor 


60.  Gentriftigal  Governor 


61.  After     passing     through     the 
valves  Steam  enters 


[Continued  on  p,  664. 
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L.  Street  Station,  Boeton,  U.S.A. 

514  revolutions  ^^r  minute. 


60  per  cent,  for  two  hours. 

57.  From  item  62,  cmU,  8  cu.  ft.  per  lb., 
Po^wer,  July  '06.  This  equals  20 
lbs.  per  K.W.H.,  176  lbs.  per  sq. 
in.,  160**  F.  superheat,  vacuum 
not  stated  here. 


18ft.  diam. 

68  tons  revolving. 
360ft.  per  second. 

Footstep-bearing,    lubricated   with 

water  at  900  lbs.  per  sq.  in. 
2   duplex     steam-driven    pressure 

pumps;    1   tiiplex  motor-driven 

spare  pump. 
10    minutes    supply    accumulator 

capacity  ;  136,000  lbs.  weight  on 

feetstep. 


68.  15  steam  nozzles  each  side. 


59.  Emergency    auto-valve    connects    to 
30in.  atmospheric  exhaust. 


60. 


61. 


Qninoy  Point,  Mass.,  U.8.A. 

[Frmnp,  527. 
750  revolutions  per  minute. 


200  lbs.  per  sq.  in. 


Coal  consumption  2*94  lbs.  p.  K.W.H., 
showing  an  efficiency  of  8*86  per  cent. 


Water  step-bearing. 


{Contiiiiud  on  p.  666. 
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Name  of  Generating  Station 

Speed  Control 


Bed-ulate  Dimensions 
Height  above  Floor 
Platform  Dimensions 
Foundation . 
Area    . 

Steam  Pressure 
Superheat   . 
Overload  supplied 


67.  Steam  Consumption,   lbs.   per  i 
K.W.H. 


Guarantees  with 


Yoker. 

20,000  blades  each  turbine. 


[Fromp,  528. 


I  8750  horse-power  overload  capacity. 


Full  load     . 

{load 

iload 

iload         ... 

Rotating  portion 

Weights      . 

Peripheral  Si>eed  of  Drum 

Main  Bearings    . 

Cooled  by    . 


Quantity  Water  circulated  . 

Coupling  to  Generator 

68.  Steam  Valves 

69.  Energency  Governor 
60.  Oentrifugal  Governor 


61.  After    passing     through     the 
valves  Steam  enters 


440  ft  per  sec. 


Direct-connected. 


[Continued  on  p.  566. 
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Motherwell.  Thornhill  [Frtymp,  529. 

8  per  cent,  up  or  dowu  by  electrical 
switch,  which  cannot  stay  *  in '  nnleas 
the  operator's  hand  is  on  it. 

See  Fig.  887,  p.  442. 


67. 


Guarantee. 

Tests. 

Pressure 
Superheat 
Vacuum. 

160  lbs. 
zero. 

150  lbs. 

28m. 

200°  F. 

28  in. 

20-5 
22 

19 
19-8 
21-8 
25*6 

16 
16*6 
18-2 
21-2 

Duplicate  of  Yoker,  except  condensers. 


d8. 


59. 


60. 


Water  footstep. 


Curtis"  type,  described  p.  198. 


61. 


[Continued  on  p.  567. 
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Name  of  Oeneiatiiig  Station         .  I  EadcUffe.  [From  p.  630. 

Speed  Control      . 


Bed-plate  Dimensions 
Height  above  Floor 
Platform  Dimensions 
Foundation 
Area    . 

Steam  Pressure 
Superheat    . 
Overload  supplied 


67   Steam   Consumption,   lbs.    per 
K.W.H. 


Guarantees  with  . 


Tested  at  maker's  works;  150  lbs.  pressure 
and  100"  superheat  and  28in.  vacuum  ;  16*4 
lbs.  perK.W.H. 


At  26  per  cent,  overload 
Full  load     .... 
I  load  .... 

iload  .... 

J  load  .... 

Rotating  portion . 

Weights      .... 
Peripheral  Speed  of  Drum    . 

Main  Bearings     . 

Cooled  by    . 

Quantity  Water  circulated   . 

Coupling  to  Generator .        .  I 

68.  Steam  Valves.  .  i 

69.  Emergency  Governor 

I 

60.  Centrifugal  Governor 


61.  After     passing     through     the 
valves  Steam  enters . 


[CinUimied  an  p.  568. 
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BriiMdown.  [Frtmip,  581. 


67. 


Suspension  spring  on  govemoTB. 


150  lbs.  per  sq.  in.  at  stop  valve. 

160^  F. 

25  per  cent. 


11,300  fb.  per  minute  at  last  expan- 
sion. 
White  metal. 

Not  cooled. 


Toothed  coupling. 
66.  Stop,  Emergency,  and  Double  Beat 

59.  Parsons. 

60.  Parsons. 
61. 


Power  Station  of  the  Engliah  M'Kenna 
ProooBsOo.,  Ltd. 


150  lbs.  per  sq.  in.  at  stop  valve. 
100*  F.  superheat. 


Hartnell  type. 


[Continued  on  p.  569. 
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Fio.  383.— Lots  Road,  Chelsea  :  5500  K.W.  Westanghouse- 
Parsons  Turbo-Generator.     (See  pp.  140  to  144.) 

{Street  Railway  Journal, ) 
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Fio.  891.— Quincy  Point:  Turbine  Platfonns,  p.  527. 
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Fig.  897.— Thornhill :  1500  K.W.  Curtis  Set.    Condenser  at  right  hand. 
{The  Electrical  Review,) 


554 
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Fig.  398.— Thoruhill:  Excitera. 
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Fig.  399.— Radcliffe :  Interior  of  Turbine«Room.    1600  K.W.  Units. 
{The  EUc  Jihigr.) 
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Fio.  400.— Radcliffe :  Water  Accumulator  and  Pumps  for  Footstep  Bearings. 
(See  item  63,  Thoruhill,  p.  567.) 
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Fio.  401.— Brimsdown  Turbine-Room  and  Switchboards. 
H.T.  Switchboard  on  gallery  :  L.T.  on  floor  level. 
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Fio.  402.— Fulham,  London:  750  K.W.  Curtis  Turbo- Alternator, 
(Seep.  437.) 
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Fio,  403.— Tjots  Road,  Chelsea  :  Condenser.     (See  Fig.  350,  p.  470.) 
(Photo  by  Flee.  Rcmevj,) 
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Fio.  406. — Eleyated  Counter  Current  Jet  Condenser. 
Motherwell  Siatim^  Clyde  Valley  E.P,  Co,,  80,000  /6s.  steam  per  hour, 
{Mirrlecs  Watson  Co.)  [Sec  p.  575. 
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Name  of  Generating  Station 

62.  First  Series  of  Impulse  Vanes 
Lowest  Pressure  Vanes 


68.  Lubrication 


Pressure 


Quantity  passed  through 
Bearings  of  one  Turbine 
Unit 

Total  Capacity  of  Plant 


Water-cooling  Jacket  . 

64.  QUcooling Plant 
Position 
Capacity 
Maker 
2nd  floor 
8rd  floor 
Height  of  Gravity  Tank 
Oil  ripe  to  Engine-room 
Oil  Discharge 
Oil  Coolers :  Number  . 

Surface  each 
Oil  pumped  by    . 


Driven  by    . 

Cooling  water  pumped  by 
Driven  by   . 


Oil  delivered 

65.  Atmospheric  Exhanst 

Size  and  Position 

Valve 

66.  Turbine  Exhaust  to  Condenser 

each 

67.  Gondensers :  Type  . 


Maker 


Lots  Eoad,  Chelsea. 

Drop  forged  steel. 
Delta  metal. 


Centrifugal  system  under 
30ft.  head. 

33  gallons  per  minute. 

350  gallons  per  minute. 

40  gallons  per  minute. 

Separate  building. 
'  20,000  gallons. 


IFromp.  582. 


James  Simpson  k  Co. ,  Ltd. 

Feed-water  storage  tank. 

Oil-filtering  tanks. 

soft  above  level  of  turbine  bed. 

6in8.  diam.  ring  main. 

By  gravity  to  basement 

3. 

686  sq.  ft.  brass  tubes. 

8  centrifugal  pumps. 


3    motors,    each   7^    horse -power,   220   volts, 
I      3  phase,  955  revolutions  per  minute. 
3  pumps. 

3    motors,    each    3    horse- power,    220    volts, 
3  phase,  635  revolutions  per  minute. 


4. 

60in.  diam.  against  each  chimney,  up  through 

roof. 
Air-controlled  type. 
21  sq.  ft.  total  (two  44in.  diam.  openings). 


Vertical  surface.     Fig.  408,  anU,  p.  559. 

James  Simpson  &  Co. ,  Ltd. 

[C(yfUinued  on  p,  570. 
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Neasden. 

62.  Drcj)  forced  steel. 

Hard  drawn  delta  metal. 


68.  Oil. 


64. 


16  lb&  per  sq.  in. 


North-end  engine-room,  basement 


Carville. 


{From  p,  538. 


34ft.  above  bearings. 

4iin8.  diam. 

Into  coolers  through  6in.  pipe. 

2. 

3000  8^.  ft. 

Worthmgton  steam-pump. 


Lake  and  back  again. 


Back  to  gravity  tank. 

65.  Automatic 

6ft.  diam. 

Gravity  valves. 

66.  16-9  sq.  ft,  2000  K.W. 
24Bq.  ft,  3500K.W. 

67.  Barometric  Jet     Exhaust  steam  pipe 

each,  64in.  approx.  ;  barometric 
pipe  each,  22m.  approx.  ;  water 
pipe,  18in.  approx.;  air  pipe,  5ft. 
9in.  diam. ;  condenser  proper,  8ft. 
high. 
Alberger  design,  built  by  British 
W^tinghouse  Co. 


Surface  condenser  and    vacuum  aug- 
menter  to  each  set. 


[CorUinued  on  p.  571. 
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STEAM  TURBIXE  EXGINEERINO 


Name  of  Generating  Station 

62.  First  Series  of  Impulse  Vanes 
Lowest  Pressure  Vanes 


68.  Lnbrioation 


Delray,  n.8.A. 


{From  p.  534- 


Pressure 


Quantity  passed  through 
Bearings  of  one  Turbine 
Unit 

Total  Capacity  of  Plant 


Water-cooling  Jacket 

64.  Oil-oooling  plant 

Position 

Capacity 

Maker 

2nd  floor 

Srd  floor 

Height  of  Gravity  Tank 

Oil  ripe  to  Engine-room 

Oil  Discharge 

Oil  Coolers  :  Number  . 

Surface  each 
Oil  pumped  by     . 


Driven  by    . 

Cooling  water  pumped  by 
Driven  by    . 


Oil  delivered 

65.  Atmoepherio  Exhaoflt 

Size  and  Position . 

Valve 

66.  Tnrbine  Exhanst  to  Condenser 

each 

67.  GondenBers  :  Type . 


Maker 


Between  the  first  and  second  stages  is  an 
automatic  by-pass  valve,  and  a  hand 
operated  by-pass  between  2nd  and  Srd 
stages. 

Step-bearing  with  water;  steady-bearing  with 
oil. 


650  lbs.  per  sq.  in.  of  water,  pumped  by  2 
steam  pumps  lOins.  by  2iin8.  by  12ins., 
made  bv  Deane  Brothers,  Indianopolis,  to  a 
hydraulic  accumulator  by  R.  D.  Wood  k  Co. 
A  reserve  is  aflbrded  by  2  electric  pumps 
driven  by  5  horse-power  motors. 

E^h  ste))-bearing  requires  4  gallons  water  per 
minute. 


2  Blake  i)um()8,  3  by  2  by  Sins.,  pumping  from 
2  tanks  in  the  basement  to  a  tanx  in  the 
gallery. 


When  the  exhaust  steam  is  not  used  for  the 
evaporation  of  salt,  it  is  taken  direct  to 
condensers. 

Wheeler  surface. 


[Continued  on  p,  572, 
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L.  Street  Station,  Boston,  U.S. A. 
62. 


68.  Footstep:  water  900  lbs.  per  sq.  in.  Ac- 
cumulator supplies  water  during 
10  minutes.  A  triplex  motor- 
driven  pump  in  reserve. 


Through    filter:     Fig.    859    near 
"Turbine  Room." 


61 


65.   SOin.  diam 

66. 

67.   Surface. 

Worthington. 


Qnincy Point,  Mass.,  U.S. A. 

[Frovi  p.  686. 


Water  footstep  bearing:  3  steam-driven 
pumps  and  2  accumulators  carry  10 
minutes*  supply. 


For  water  to  step-bearings  of  the  turbines 
there  are  8  steam-driven  pumps  and 
2  accumulators. 


'  Admiralty '  surface. 

Wheeler  Condenser  k  Engineering  Co. 
[Contiiitied  on  p,  673. 
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STEAM  TURBINE  ENGINEERING 


Name  of  Generating  Station 

62.  First  Series  of  Impulse  Vanes 
Lowest  Pressure  Vanes 


68.  Lnbrioation 


Pressure 


Quantity  passed  through 
Bearings  of  one  Turbine 
Unit 

Total  Capacity  of  Plant 


Water-cooling  Jacket 
64.  Oil-oooling  Plant    . 
Position 
Capacity 
Maker 
2nd  floor 
8rd  floor 
Heiffht  of  Gravity  Tank 
Oil  Pipe  to  Engine-room 
Oil  Discharge 
Oil  Coolers  :  Number  . 

Surface  each 
Oil  pumped  by    . 


Driven  by    . 

Cooling  water  pumped  by 
Driven  by   . 


Oil  delivered 

65.  Atmoapheric  Exhanat     . 

Size  and  Position 

Valve 

66.  Turbine  Exhaust  to  Condenser 

each 

67.  Condensers:  Type. 


Maker 


Yoker. 

Drop  forged  steel. 
Special  metal, 


[Frtmi  p,  586. 


The  oil  is  pumped  by  a  special  oil  pump  to  a 
tank  in  the  roof  of  boiler-house,  and  flows  by 
gravity  under  a  head  of  50ft  to  the  bearinga. 


A  large  tank  in  basement  of  engine-room,  with 
supply  of  oil  which  should  last  one  to  two 
years. 


Vertical  surface 


Mirrlees- Watson  Co. 


[Continued  on  p.  574. 
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Motherwell  Thornliia  [From  p.  587. 


68. 
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Footstep  with  water,  the  top  and  cenjbre 
bearing  with  oil.     . 

450  lbs.  per  sq.  in.  of  water ;  10  lbs.  per 
sq.  in.  of  oil.  Water  is  supplied  from 
a  JBeny  hydraulic  accumulator,  in  con- 
nection with  which  there  are  installed 
two  three-throw  force  pumps  geared 
from  7*5  horse-power  B.T.H.  Go. 
shunt-wound  motors. 


On  top  of  engine-house. 

Into  settling-tank  in  basement 

Force  pumps  in  the  basement 

The  accumulator  pumps  above. 


65. 


SOins.  diametor. 


67.  Barometric  jet.     See  Fig.  405,  j).  561. 


I 
11  sq.  ft.  (nearly). 

Vertical  surface. 

i 


Mirrlees- Watson  CJo. 


I 


Mirrlees-Watson  k  Co.,  Ltd. 


[CoTitinued  an  p,  575. 
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Name  of  Generating  Station  Badcliffe. 

62.  First  Series  of  Impulse  Vanes  . 
Lowest  Pressure  Vanes 


[From  p.  688. 


68.  Lubrication 


Pressure 


Quantity  passed  through 
Bearings  of  one  Turbine 
Unit 

Total  Capacity  of  Plant 


Water-cooling  Jacket  . 

64.  Oil-cooling  Plant 

Position 

OaDacity 

Maker 

2nd  floor 

3rd  floor 

Height  of  Gravity  Tank 

Oil  Pipe  to  Engine-room 

Oil  Discharge 

Oil  Coolers  :  Number  . 

Surface  each 
Oil  pumped  by    . 


Driven  by  . 

Cooling  water  pumped  by 
Driven  by   . 


Oil  delivered 

65.  Atmospheric  Exhaust 

Size  and  Position 

Valve  .        .         .        . 

66.  Turbine  Exhaust  to  Condenser 

each 

67.  Condensers  :  T3rpe  . 


Maker 


400  lbs.  per  sq.  in.  of  water  drawn  from  air- 
pump  discharge. 


Fig.  400,  p.  556. 

7^  gallons  water  per  minute. 
}  gallon  oil  tc  other  bearings. 


Surface.     Vertical. 


[Continued  on  p»  576. 
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Brimsdown. 
62.  Special  alloy. 
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[From  p.  539.  i  Power  Station  of  the  EngliBh  M'Eenna 
I      ProcesB  Co.,  Ltd. 


68.  Forced. 

8  to  12  lbs.  per  sq.  in. 


80  gallons  per  minute. 


64.  Ground  floor  at  side  of  turbine. 


Worm  on  turbine. 


Gravites  from  storage  tank. 


66.  3  ft.  diam. 

7  sq.  ft.  area. 

67.  Horizontal  surface. 


Mirrlees- Watson  Co. 


By  Templer  k  Ranoe. 


Willaus  -  Robinson,    direct-coupled     to 
turbo-exhaust  by  an  ez|)ansion  joint. 


3,  one  for  each  unit ;  the  top  of  con- 
densers are  3ft.  below  water-level  in 
cooliug-tower. 

[CojUinued  on  p.  577. 
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Name  of  Generating  Station 

Number  and  Position  . 

Each  condenses  . 


Height 
Sumce  each 


Steam  condensed  per  sq.  ft 

per  hour  at  rated  full  load 

Surface  per  lb.  p.  hr.  of  Steam, 

Tubes  :  l^umber  and  Length 

Each  Condenser  has     . 


Steam  passes  through 
Illustration 

Air  Pumps :  Number 
Type  .        .        . 


STEAM  TURBINE  ENGINEERING 
Lots  Boad,  Ohelsea. 


Each  Cylinder 
Discharge    . 


Each  driven  by 


Motor  Spindle     . 
Discharge  capacity 
Illustration 


69.  Lift  Pumps:  Number 


Size 


Position  of  Pump 
Each  driven  by    . 


Motor  Spindle 
Position  of  Motor 
Water  of  Condensation  to 
By  Pump     . 
Driven  by    . 


IFromp,  562. 
8  in  pits  alongside  each  engine  foundation. 


Top  within  29ft.  of  lowest  tide. 
15,000  sq.  ft 


7-7  lbs.  with  20-9  lbs.  (item  57,  p.  532). 

6-5  lbs.  with  17-7  lbs. 

0  18  (with  20-9  lbs.  per  K.  W.H.). 

3822  tubes,  15ft  long,  lin.  diam. ,  set  vertically. 

3    motors,  40    horse- power,   40   horse-power, 
and  20  horse-power. 

Once  15ft  tubes, 
p.  559. 

8. 

Worthington  horizontal  dry  yacuum  (separate 
lift  pump). 


24in.  by  14in. 


40  horse-power  Westinghouse  motor,  220  volts, 
3  phase,  635  R.p.m. 

Horizontal. 


eight  5in.  horizontal  centrifugal  for  lifting  con- 
densed steam  up  to  feed-pump  suction. 

Bottom  of  condenser  pit. 

20  horse-power  Westinghouse  motor,  220  volts, 
3  phase,  635  K.p.m. 

Vertical. 
Basement  level. 


[CorUinucd  on  p,  578. 
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Neasden. 


4,  outside  engine-room,  wall  directly 
opposite  each  turbine. 


Overall  height  above  ground,  47ft 
[Condenses  66,600  lbs.  per  hour  full 
load  to  27in.,  and  110,000  lbs.  per 
hour  max.  overload  for  1  hour, 
vacuum  26in.,  max.  overload 
guaranteed  90%  of  barometer.] 


p.  472. 


68.  4. 


Two-stage    tandem    dry    vacuum 
pump. 


24in.  diam.,  24in«  stroke. 
To  open  air. 


Steam  engine  direct. 
lOin.  diam.  cylinder. 


69. 


Garville. 


{Fnym  p,  663. 


3  (Fig.  866),  p.  475. 
Parsons,  three-tlirow. 


8  phase  motors. 


4,  Worthington. 

Basement  of  engine-room. 

70  horse-power  comi)Ound  engine, 
11  in  by  19in.  by  11  in.,  direct- 
coupled. 

Hot-water  type. 

Centrifugal  lift  pump. 
Westinghouse  compound  engine. 


4  plunger  pumps. 

Lift  from  air  pump  discharge  to  hotwell. 
On  extension  shaft  of  air  pump. 


[Continiied  on  p.  679. 
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STEAM  TURBINE  ENGINEERING 
Delray,  U.S.A. 


Name  of  OeneratiDg  Station 
Number  and  Position  . 

Each  condenses    . 


Height 
Sur&ce  each 


Steam  condensed  per  sq.  ft. 
per  hour  at  ratea  full  load 
Surface  per  lb.  per  hour 
Tubes :  Number  and  Length 

Each  Condenser  has 


Steam  passes  through 
Illustration 

Air  Pumps :  Number 
Type  .        .        . 


[Fromp,  564. 


4,  one  for  each  turbine  in  the  basement  in  a 
room  of  22ft  wide  and  174ft.  long,  overhead 
travelling  crane  of  22ft.  span  and  15  tons 
capacity. 


12,000  sq.  ft,  of  tube  cooling  surface. 


Each  Cylinder 
Discharge    . 


Each  driven  by 


Motor  Spindle     . 
Discharge  capacity 
Illustration 


69.  Lift  Pumps:  Number 


Size 


Position  of  Pumf) 
Eacli  driven  by    . 


Motor  Spindle 
Position  of  Motor 
Water  of  Condensation  to 
By  Pump    . 
Driven  by   . 


p.  477. 


Edward's  wet  vacuum  triplex. 


50  horse-power,  220  volt,  3  phase  motor. 


[Gantinued  an  p,  580 
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L.  Street  Station,  Boston,  n.S.A. 
2  sub-base  of  turbine. 


168,000  lbs.  per  hour,  with  oircn- 
lating  water  at  70*"?.  maintain 
vacuum  28in.  of  mercury ;  in 
winter  it  has  maintained  a 
vacuum  within  fin.  of  barometer. 


68. 


20,000  sq.  ft. 


7-6  lbs. 


0-18  sq.  ft. 

lin.  brass  outside  diameter  and  18 
gauge,  16ft  and  Igin.  pitch  centres. 


4  times. 

Figs.  888-890,  pp.  646,  647. 


Qnincy  Point, 
6. 


,  U.S.A. 

[Frmn  p,  665. 


Dry  vacuum. 


p.  649. 

5. 

4  motor-driven  Edward's  triplex  ; 
1  steam-driven  Edward's  triplex. 


24 in.  by  18in.  vertical  air  cylinder.      18in.  by  12in. 

lOin.  suction  pipe,  Sin.  discharge     Into  3  tanks  connected  in  series,  each 

pipe.  20ft.  long  and  6ft.  diam.,  located  in 

I       boiler-room. 
lOin.     by    18in.     steam     cylinder     Four  60  horse- power  General    Electric 

horizontal.  induction  motors,  350  volts,  3  phase. 


Figs.  888-390. 


"  National "  feed  heater. 
4in.  volute,  1200  R.p.m. 
Motor. 


One  loin,  by  lOin.  engine. 


Hotwell  and  storage  tank  consisting  of 
3  tanks  in  series  in  boiler-house,  each 
tank  20ft.  x  6ft.  diam.,  from  which 
boiler  feed  is  taken. 

[CoTUinued  on  p,  681. 
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STEAM  TURBINE  ENGINEERING 


Name  of  Oeneratmg  Station 

Number  and  Pofiition  . 

Each  condenses  . 


Height 
Surface  each 


Steam  condensed  per  sq.  foot 

per  hour  at  rated  full  load 

Surface  each  per  lb.  of  steam 

Tubes :  Number  and  Length 

Each  Condenser  has 


Steam  passes  through 
Illustration 

Air  Pomps :  Number 
Type  .        .        . 


Each  Cylinder 
Discharge    . 


Each  driven  by   . 


Motor  Spindle 
Discharge  capacity 
Illustration 


69.  Lift  Pomps :  Number 


Size 


Position  of  Pump 
Each  driven  by    . 


Motor  Spindle 
Position  of  Motor 
Water  of  Condensation  to 
By  Pump    . 
Driven  by   . 


Yoker.  [Fromp,  566. 

2  ;  1  alongside  each  turbine. 


25,000  lbs.  per  hour. 
50,000  lbs.  total. 


6250  sq.  ft!  cooling  surface. 


14i  ft.  long,  1  in.  diam.  18  S.W.G. 


Three  lengths  of  tube. 

"  Counter  "  to  steam,  p.  650. 

2  in  Basement 

Two-stage  dry  air  pump  horizontal.     Both  air 

cylinders  fitted  with  mechanically  controlled 

slide. 


Steam. 


Hotwell  in  the  basement. 
Centrifugal  pump. 

6  horse-power  vertical-shaft  shunt-wound 
motor,  625  R.p.m. 

[OorUiffiuid  <mp,  562. 
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Motherwell. 


80,000  lbs.  per  hour  to  27*5  ins. 
vacuum,  using  44  lbs.  of  water  at 
80"  F.  per  1  lb.  steam.  Engineer, 
23/6/05. 


Thomhill.  [Frmn  p.  567. 

4  ;  one  alongside  each  turbine. 


16ft 
4500  sq.  ft 


p.  561. 


Two  Alberger  Corliss  two-stage  dry  vacuum 
pomps. 


18  S.W.6.  brass  }in.  diam. 


4  lengths  of  tube. 
Fig.  897,  page  553. 


4,  one  to  each  condenser.    Three-throw, 
Edward's. 


I  15in.  diam.,  8in.  stroke. 
'  6in.  diam.  into  hotwell. 

I  15  horse-power  motor,  185  R.p.m.  full 
load,  240  R.p.m.  no  load,  220  volts 
I      compound. 

24,000  cub.  ft.  per  hour. 


[Continued  on  p.  583. 
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Name  of  G-enerating  Station         .     Badcliffe.  [Frofn  p,  568. 

Number  and  Position 

Each  condensers 


Height 
Surface  each 


Steam  condensed  per  sq.  ft 
per  hour  at  rated  full  load 
Surface  per  lb.  per  hour 
Tubes  :  Nimiber  and  Length 

Each  Condenser  has 


Steam  passes  through 
Illustration 

68.  Air  Pumps :  Number 
Type  .        .        . 


Each  Cylinder 
Discharge    . 


Each  driven  by 


Motor  Spindle  . 
Discharge  capacity 
Illustration 


69.  Lift  Pumps:  Number 


Size 


Position  of  Pump 
Each  driven  by    . 


Motor  Spindle     . 
Position  of  Motor 
Water  of  Condensation  to 
By  Pump    . 
Driven  by   . 


4500  sq.  ft. 


5-4. 


0-18  (with  16-4  lbs.  i)er  K.W.H.). 


p.  555. 

4,  one  to  each  condenser. 
Edward's  three-throw. 


15in.  diam.,  8in.  stroke. 
Motor,  165  Rp.m. 
24,000  cub.  ft.  per  hour. 


[Continued  on  p.  684, 
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Brimsdo'wii. 

Three,  alongside  each  turbo. 


6  ft.  9  in. 
2400  sq..  ft 


About  10  ft.  4  in.  long. 


577 


Power  Station  of  the  English  M'Kenna 
Process  Ck).,  Ltd.  [From  p.  669. 

8. 


2680  sq.  ft. 


p.  667. 


68.   8. 


Edward's  three-throw. 


12iin.  diam.  6in.  stroke. 


Motor  9  horse-power,  110  volts  c.c. 


2600  gallons  per  hour. 


69. 


pp.  488,  489. 


Edward's  two-throw  type,  with  a  force 
pump  (delivering  to  hotwell)  driven 
from  the  end  of  crauk  shaft,  drawing 
from  the  surse  tank  at  base  of  air 
pump,  into  which  the  air  pump  itself 
delivers. 


9i  horse-power  Siemens  shunt  motor 
250  volts,  760  to  850  R.p.m.,  17 amp., 
with  27 i  in.  vacuum. 


A  150  K.W.  rotary  and  a  60  K.  W,  rotary, 
and  transformers  off  main  bus- bars 
supply  250  volt  current  for  driving 
condenser  plant. 


[Conlinued  <ni  p.  .585. 
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STEAM  TURBINK  ENGINEERING 


Name  of  Generating  Station 

70.  Oircnlating  Pump  . 

Maker. 
Number 
Type   .        .        .        . 


Position 
Each  driven  by 


Motor  Spindle  . 
Position  of  Motor 
Rated  Duty 

Circulating  Water  from 


Intake  Pipe 
Discharge  Pipe    . 

Direction  of  Flow 

Pipes  supplied  and  laid  by  . 
Circulation  Pipes 
Pipes  supplied  by 
Pipes  laia  by 

Circulating    Pi})es    to    Con- 
densers 
Circulation  provided  for  is    . 
70a.  Oooling  Towers  :  Number 

Capacity  per  hour 

Area  each    .... 

Height        .        .        .         . 

Space  between 

Area  Tank  under  towers 

Depth      „ 

Distributing  Pipes 


71.  Main  Oeneraton 
Number 
Maker 

Rating 

Number  of  Phases 

Cycles  per  second 

Speed . 

Voltage  per  phase 


Lota  Road,  Chelsea.  [Pnm  p.  570. 


Worthington. 

8,  piped  on  syphon  principle. 

20in.  centrifugal  horizontal. 

Bottom  of  condenser  pit. 
40  horse-power  motor,  WestinghoasOi  220  volts, 
3  phase,  635  R.p.m. 


Vertical  spindle. 
At  basement  level. 


River  Thames. 


66in.  diam.  cast-iron  in  river  bed. 


Reversible  up  to  condenser. 

John  Cochrane  &  Sons,  Westminster. 

Steel  riveted  to  get  hold  of  concrete  on  land. 

Babcock  k  Wilcox. 

Perry. 

20in.  and  22in.  diameter  of  cast-iron. 

times  steam  consumption: 


Figs.  883,  384,  atUe,  also  pu.  140/4. 
8,  with  room  for  10,  and  1  naif-size. 
Westiughouse. 

5500  K.W. 

3. 

33i. 

1000  R.p.m. 

11,000. 


T  Ullage  ^^oi  puoao  •  xx,vvv. 

Amperes  per  phase,  full  load     289,  with  non-inductive  load. 


Temperature  rise 
Regulation  . 

Speed  variation    . 
Overload 

Temperature  rise . 


50  per  cent,  for  two  hours. 

[Continued  on  p.  586. 
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Neasden. 

70.  Injection  pump, 
Gwynn  &  Co. 
4. 


Basement  of  engine-room. 
18in.  by  lOin.  Westinghouse  o 
pound  engine,  direct-coupled. 


60  horse-power. 
Tank  at  base  of  towers. 


20in.  diam.   from   culyert ;    18in. 
diam.  intake. 


OarviUe. 


2. 
Centrifngal. 

3  phase  motor. 


Each  sufficient  for  2  i 
River  Tyne. 


[Fr<ynip,  671. 


Westinghouse  k  Go. 


70a.  6  Duplex  Zsohocke  by  T.  Sugden,  Ltd. 

1,600,000  gallons  per  hour  total. 

2800  sq.  fU  net,  111ft.  by  26ft 

78ft  aboYe  ffround-leyel. 

12ft.  6in.    See  Fig.  404,  ante, 

220ft  by  114ft  =  26,000  sq.  ft. 

3ft  3in. 

26ft  above  ground,  40ft  of  28in. 
diam.,    300ft.    of   20in.    diam., 
100ft  of  I7in.  diam.,  lOOft  of 
14in  diam.,  160ft  of  lOin. 
71.  Fig.  386,  ante. 

4. 

British  Westinghouse. 

8600  K.W. 

3. 

33i. 

1000  ELp.m 

11,000. 

2i  per  cent  variation  by  resistance 
in  exciting  circuit ;  184  non- 
inductive  load. 

40' 0. 


2^  per  cent 

26  per  cent  for  6  hours. 

Under  60'  0. 


Fig.  356,  atUey  p.  475. 

4. 

Parsons. 

8600  K.W.  (or  4000)  also  2000  K.  W. 

3. 

40. 

6750.     (?)  6000. 


See  item  56,  p.  533. 

[Contin'ued  on  p,  587. 
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Name  of  G«neratmg  Station  Delray,  U.S. A. 


[Frtnn  p.  672. 


70.  Gircnlating  Pump 
Maker 
Nmnber 
Type  .        . 

Poeitioii 
Eaoh  driven  by 


Motor  Spindle 
Position  of  Motor 
Bated  Duty 

Circulating  Water  from 


!  In  the  pump-houae,  88fb.  by  67ft 

Worthington. 
!  4. 

18in.  centrifugal. 

Main  floor  of  pump-house. 

76  horse-power  inauotion  motor. 


Detroit  River. 


Intake  Pipe 
Discharge  Pipe    . 

Direction  of  Flow 

Pipes  supplied  and  laid  by 

Circulation  Pipes 

Pipes  supplied  by 

Pipes  laia  by 

Circulating    Pipes  to   Con 

densers 
Circulation  provided  for  is 
70a.  Oooling  Towers :  Number 

Capacity  per  hour 

Area  each    . 

Height 

Space  between 

Area  Tank  under  towera 

Depth      „ 

Distributing  Pipes 


8  sets  of  screens  to  stop  rubbish,  first,  vertioal 

bars ;  others  removable  wire  nets. 
A  culvert  extending  beneath  the  fouroondensers. 


71.  Main  Generators    . 

Number 
Maker 

Rating 

Number  of  Phases 

Cycles  {)er  second 

\U>ltage  per  phase 
Amperes  per  phase,  full  load 


Temperature  rise 
Regulation  . 

Speed  variation    . 
Overload     . 

Temperature  rise . 


>  Fig.  386,  aiUCy  p.  548. 

I  4. 

I  Gen.  Elec.  Co.  of  New  York. 

;  8000  K.W. 

8. 
I  60. 

600  R.p.ni. 

4600. 


50  ))er  cent,  continuously  without  damage; 
70  per  cent,  for  a  short  time. 

[Coniinued  on  p.  588. 
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681 


L.  Street  Station,  Boston,  U.S.A. 
70. 


,  U.S.A. 

[Fromp,  578. 


4  motor-driyen,  1  steam-driyen,   18in. 
low-lift  donble-suotioii  Morris  type. 


24in.  Tolute  oentrifagal  for  priming 
an  ejector  on  discharge. 

15in.  by  15in.  Harrisburg  engine,  <  Four  100  horse- power  6.E.  induction 
200  R.p.ni.  motor,  850  volts ;  one  12in.  by  lOin. 

steam  engine. 


2  masonry  conduits  56  sq.  ft  each. 


2  fine  copijer  screens  in  series, 
cleaned  by  removing  one. 

1  masonry  conduit  78  s^.  ft,  dis- 
charge kept  from  intake  by 
Win^-dam. 

2  openmg  through  sea  wall,  each 
6|  by  18ft.  with  submerged  racks. 


70a. 


70  times  steam  consumption. 


71.  Figs.  888,  889,  890,  amte,  p.  545. 
2. 
Gen.  Elec  Go.  of  New  Tork. 

6000  K.W. 

8. 

60. 

514  R.p.m. 


Figs.  891,  392,  898,  anU,  p.  549. 

5. 

Gen.  Elec  Co.  of  New  Tork. 

2000  K.W. 

8. 

25. 

750  R.  p.  m. 

13,200. 


50  per  cent  for  2  hours. 


[Continued  on  p.  589. 
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Name  of  Oenerating  Station 

70.  Oirculating  Pnmp  . 
Maker 
Number 
Type  .... 


Position 

Each  driven  by 


Motor  Spindle 
Position  of  Motor 
Rated  Duty 

Circulating  Water  from 


Intake  Pipe 
Discharge  Pipe    . 

Direction  of  Flow 

Pipes  supplied  and  laid  by 
Circulation  Pipes 
Pipes  supplied  by 
Pipes  laid  by 
Circulating   Pipes   to    Con 

densers 
Circulation  provided  for  is 
70a.  Oooling  Towen :  Number 

Capacity  per  hour 

Area  each    . 

Height 

Space  between     . 

Area  Tank  under  Towers 

Depth      „  „ 

Distributing  Pipes 


71.  Main  Oenerators 

Number 
Maker 


Yoker. 

Centrifugal. 
Steam-driven. 


[Frump.  674, 


River  Cl^de  alongside,  by  gravity  into  well, 
18ft.  diam.  and  9ft.  below  low-water  lerel, 
by  2  pipes,  each  SOin.  diam. 

86in.  diam.  oast-iron. 

86in.  diam.  into  spillway  on  bank  of  riyer. 


Rating 

Number  of  Phases 

Cycles  per  second 

Soeed  . 

Voltage  per  phase 

Amperes  per  phase,  full  load 


Temperature  rise 
Regmation  . 

Speed  variation  . 
Overload     . 

Temperature  rise 


Figs.  894/6,  p.  660,  also  pp.  U«/7. 

2. 

Westinghouse. 

2000  K.W. 

3. 

25. 

1500  R.p.m. 

11,000. 


50%. 


[CoiUintMd  onp,  590. 


Mbth«rwea 
70. 
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I  Thomhill.  \_Fr<nnp,  575. 


Gwynne  Centrifagal. 

Basement. 
I  43  horse-power  at  645  R.p.m.,  varied  by 
shant  control  to  54  horse- power  at 
845  K.p.m.,  220  volts  shunt- wound. 


160,000  gals,  per  hour  against  28ft  head. 
River  Galder  alongside. 


I 


12ins.  diam.  to  each. 
1  Sins.  diam.  for  alL 


The  station  being  400  yds.  from  &  140 
ft  above  the  river  there  is  installed 


71.   Duplicate  of  Yoker. 


70a.  ABalokeTower 

220,000  ^s.  per  hour  from  120*  F. 
toSO'F.  (air70*F.).  | 

78  ft 

Evaporation  2\  per  cent 


6S  times  weight  of  steam  at  rated  load. 


Fig.  897/8,  anUt  p.  558. 

4. 

British  Thomson-Houston  Co.,  Ltd., 

of  Rugby. 
1500  K.W.,  with  85  percent  power  factor. 
3. 

50  cycles  per  second. 
1000  R.p.m. 
11,000  volts  generated. 
93i. 


40*  C.  after  24  hours. 

8  per  cent  variation  in  volts  when  full 

load  is  thrown  off. 
4  per  cent,  under  sudden  changes. 
50  per  cent  2  hours. 


60*  C.  2  hours. 


[Continued  on  j*.  591, 
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Kame  of  Generating  Station 

70.  Gircolating  Pomp  . 
Maker 
Number 
Type  ...        . 


Position 

Each  driven  by 


Motor  Spindle  . 
Position  of  Motor 
Bated  Duty 

Circulating  Water  from 


Intake  Pipe 
Discharge  Pipe    . 
Direction  of  Flow 


Pipes  supplied  and  laid  by 

Circulation  Pipes 

Pipes  supplied  by 

Pipes  laid  by 

Circulating   Pipes   to  Con 

densers 
Circulation  provided  for  is 
70a.  Cooling  Towen :  Number 

Capacity  per  hour 

Area  each    . 

Height 

Space  between 

Area  Tank  under  Towers 

Depth      „ 

Distributing  Pipes 


71.  Main  Generators    . 

Number 
Maker      .   . 

Bating 

Number  of  Phases 

Cycles  per  second 

Speed . 

Voltage  per  phase 

Amperes  per  phase,  full  load 


BadcliffSs. 


[From  p.  676. 


Fig,  399/400,  ante,  p.  556. 


Temperature  rise 
Begulation  . 

Speed  variation    . 
Overload     . 

Temperatui-e  rise 


[Coniinued  im  p.  692. 
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Brimidown. 

70.    CentrifagBl. 
Gwynne. 


At  side  of  condenaer. 
Motor,  direct-coupled. 


1700  gallons  per  minute. 
Lea  Canal. 

In  suction  pits. 
Into  coal  haxgib  dock. 


J.  Spenoer  k  Go. 


10-in.  diam.  to  each. 

60  times  full-load  steam. 
70a.  No  towers. 


Power  Station  of  the  English  M*Eenna 
Process  Oo.,  Ltd.  [From  p,  577. 

Allen. 
1. 


45  B.H.P.  Siemens  shunt  motor,  direct 
current,  250  volts,  605  to  705  R.p.m., 
the  current  taken,  110  amps,  at  250 
Tolts,  maintaining  a  steady  vacuum  of 
27iin.  at  full  load. 


100,000  gallons  per  hour,  against  27ft. 

head  to  Donat  cooling  tower. 
By  gravity  through  condenser  to  suction 

side  of  circulating  pump. 

lOin.  diam. 


1  Donat,  2700  sq.  ft. 


71.    Fig.  401,  p.  667. 
3. 
Brown-Boveri. 

1000  K.W. 
3. 
50. 

1500  R.p.m. 
10,000. 
68  amps. 


8  per  cent 

25  per  cent  for  1  hour. 

Test :  25*  C,  after  6  hours*  full  load. 


Fig.  868/870,  ante,  p.  488. 
'  8. 


760  E.  W.  at  0*8  power  factor. 

8. 

25. 

1500  B.  p.  m. 

440. 


[Continusd  on  p.  598- 
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Kame  of  Generatiiig  Station 

Rotor  . 

Number  of  Poles . 
Excitation  . 
Percent,  of  Output 
Electrical  Efficiency 

Uload 

Full  load 

jload  . 

i    „     . 

i    „     . 
Dimensions . 


72.  Exciten,  take  steam  through  . 
Exhaust  into 


Engines  :  Number 

Horse-power 
Maker 
Overload 


Lota  Scad,  Chelsea. 


[Frmnp.  678. 


Solid  Whitworth  fluid- pressed  steel. 

4. 

125  volts,  180  amps,  full  load. 

0*4  per  cent,  unity  power  factor. 


97i  per  cent 
96 1  per  cent. 
95  per  cent. 
90  per  cent. 


I  4. 


Oyfin 


inder  diameters 


Stroke 
Speed. 


Lubrication 

,,  Pressure  . 

Consumption  guaranteed 
„  with  Pressure 

„  ,,    Superheat 

„  ,,    Vacuum 

Full  Load  condensing  . 

Half    „ 

Full  Load  non-condensing 

Half    „ 

Exciter  Qenerator 

Number 


200  horse-power. 

W.  H.  Allen,  Son  &  Co.,  Ltd.,  Bedford. 

25  per  cent. 

Compound  enclosed. 

12in.  and  21in. 


9in. 

376  R.p.m. 


Forced. 


166  lbs.  per  sq.  in.  pressure. 
23'  F.  superheat 

24inB.  vacuum. 

167  lbs.   of  steam  per  I.H.P.  hour,  equal  to 
25*4  lbs.  of  steam  per  K.W.  hour. 


4  direct-coupled. 


Maker         .... 
Rating        .... 

Percentage  of  total  Kilowatts 

installed 
Voltage       .... 


Type  .  .  . 
Overload  capacity 
Temperature  rise 


Electrical  Efficiency 
Full  load      . 
Half  load      . 


British  Thomson-Houston  Co. ,  Ltd. 

125  kilowatts. 

I'l  per  cent. 

126  volts. 


6  pole,  flat  compound. 

25  per  cent  for  2  hours  without  moving  brushes ; 
50  per  cent,  momentarily. 


[C&ntinued  on  p,  694. 


EXAMPLES  OF  STEAM  TURBINE  PLANTS  587 


NeMden. 

Ironclad  type  weighing  17  tons. 
125  yolts. 

97*4  per  cent;' 
96i  per  cent.^  ;  97  per  cent. ; 
95}  per  cent  ;  96  per  cent ; 
98 J  per  cent ;  94 '6  per  cent 

89ft.  long  by  lift,  wide  (ex  plat- 
fonn),  10ft.  high,  generator  circle 
10ft.  diam. 
72.   Sin.  auxiliary  pipe  from  1 2in.  header. 
700  aq.  ft  Alberger  surface  condenser. 


Westinghouse. 

50  per  cent. 

Single-aotinff  com^iound  engine. 

18in.  and  22in. 


18in. 

275  R.p.m. 

Oil  bath. 


Westinghouse. 
100  kilowatts. 

1  '4  per  cent 

125. 

Compound  wound. 
50  per  cent 


GanriUe. 


\Fromp,  579. 


100  volts. 


^  Engineer^  Fob.  26,  1904,  p.  202. 


[Coniiniied  on  p.  595. 
^  Science  Abstracts^  No.  2330,  p.  897. 


588 


STEAM  TURBINE  ENGINEERING 


Name  of  Oenerating  Station 

Rotor  . 

Number  of  Poles . 

Excitation  . 

Per  cent,  of  Output 

Electrical  Efficiency 

IJload 

Full  load 

Jload  . 

T^..    *    ."     • 
Dimensions 


72.  Exciten,  take  steam  through  . 
Exhaust  into 


Delray,  U.S. A. 
12. 


iFromp,  580. 


Engines  :  Number 


Horse-power 
Maker. 
Overload 
Typ 

Under  diameters 


CyjBnd 


1   engine-driveu  exciter  for  emergency  use  in 
basement 


Stroke 
Speed. 

Lubrication . 

,,  Pressure  . 

Consumption  guaranteed 
,,  with  Pressure 

„  f,    Superheat 

f,  ,f    Vacuum 

Full  Load  condensing  . 

Half    „ 

Full  Load  non-condensing 

Half    „ 

Exciter  Generator 

Number 


Maker 
Rating 


Is ;  also  a  storage  battery  of  88  oells,  at  125 
I  volts  and  capacity  400  amp.  -hours  for  three 
I      consecutive  hours. 

50  kilowatts. 


Percentage  of  total  Kilowatts     1  *2  per  cent. 

installed  | 

Voltage       .        .        .        .  I  126  to  200  volts. 


Type  .        . 
Overload  capacity 
Temperature  rise . 


Electrical  Efficiency 
Full  load      . 
Half  load     . 


Motor  ^nerators  driven  by  76  horse-power  in- 
duction motors. 


[CowUnued  on  p.  596. 
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L.  Street  Station,  Boston,  U.S.A.  Qnincy  Point,  Maos.,  n.S.A. 

iFrtmp.  681. 


28  K.W. 
0*56  per  oent. 


72. 


3. 


2;  one  76  K.W.  and  60  K.W. 

General  Elec.  Co.,  Schenectady. 
Vertical  comp. 


310  R.p.m.  75  K.W.  engine. 
400      „      60 


3,  one  beine  a  60  kilowatt  motor  generator 
(860  volts  76  horse-power  3  phase 
motor). 

General  Elec.  Co.,  Schenectady. 

76  kilowatts,  60  kilowatts,  and  60  kilo- 
watts. 

1  '76  per  cent. 


[Conttnt(&(  on  p,  597 
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Name  of  Generating  Station 

Rotor  . 

Number  of  Poles . 

Excitation  . 

Per  cent,  of  Output 

Electrical  Efficiency 

liload 

Full  load 

{load  . 

i    n     • 

Dimensions 


72.  Excitera,  take  steam  through  . 
Exhaust  into 


Yoker. 


Engines  :  Number 

Horse-power . 
iMaker 
Overload 


Cyfin 


iinder  diameters 


Stroke 
Speed . 


Lubrication 

„  Pressure  . 

Consumption  guaranteed 
, ,  with  Pressure 

„  ,,    Superheat 

„    Vacuum 

Full  Load  condensing  . 

Half    „ 

Full  Load  non -condensing 

Half    „ 

Exciter  Generator 

Number 


Maker         .... 
Rating        .... 

Percentage  of  total  Kilowatts 

installed 
Voltage       .... 


Type  .  .  . 
Overload  capacity 
Temperature  rise . 


Electrical  Efficiency 
Full  load      . 
Half  load      . 


[Fromp  582. 


A  separate  Worthington  surface  condenser,  600 

sq.  ft  cooling  surfaee. 
2. 

Each  76  K.W. 

Westinghouse.     Fig.  396,  p.  552. 

Vertical  compound, 
llin.  and  19in.  diam. 


llin. 

290  R.p.m. 


125  volts  d.  c.  (supply  also  coal  and  ash 
conveyer,  crushers,  agitators,  economisers, 
pumps,  travelling  crane  switches). 

Compound. 


[Continued  on  p.  508. 
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IfotherweU 


72.  Duplicate  of  Yoker. 


ThomhlU. 
6. 


[From  p.  588. 


17ft.    Sin.    high,    turbo-geneTator,   set 
lOffc.  diameter. 

8f  in.  diam.  branch  (off  6in. ). 
6|in.     ,,    to  feed  water  heater. 


Each  220  horse-power  at  full  load. 
Allen,  B.T.H.     Fig.  898,  p.  664. 

Recip.  comp.,  non-condensing. 


12in.  and  21in. 

9in. 

420  R.p.m. 

Automatic  forced. 
15  lbs.  per  sq.  in. 

160  Iba.  pressure. 
100**  F.  superheat 
26in.  vacuum. 
24-8  lbs.  perl.  H.  P. 

287 
307 
417 

Three  6  poles. 


British  Thomson-Houston  Co.,  Ltd 
150  kilowatts. 

10  per  cent. 

220  volts. 

Compound. 

25  per  cent,  for  2  hours. 

40°  C.  after  24  hours  at  full  load,  any 
part  except  60**  C.  after  24  hours  on 
commutator. 

92  per  cent. 
90  per  cent. 

[CofUinued  on  p,  699. 
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Name  of  O^nerating  Statton 

Botor . 

Kmnber  of  Poles . 

Excitation  . 

Per  cent  of  Output 

Electrical  Efficieney 

Ulead 

Full  load 

{load  . 

\    u    . 

Dimennons . 


72.  Bzoiten,  tdce  steam  through 
Exhaust  into 

Engines  :  Kumber 

Horse-power 
Maker 
Overload 


CyUn 


BadcliiTe. 


[Fromp,  584. 


finder  diameters 


Feed-water  heater. 


8  sets  of  Allen  engines  also  as  auxiliaiy  power. 
Allen  lcB.T.H.  Co. 


Stroke 

Speed  .... 

Lubrication 

,,  Pressure  .         .  | 

Consumption  guaranteed 
„  with  Pressure 

,,  ,,    Superheat 

,,  „    Vacuum 

Full  Load  condensing  . 

Half    „ 

Full  Load  non-condensing 

Half    „ 

Exciter  Generator 

Number 


Maker         .... 
Rating         .... 

Percentage  of  Total  Kilowatts 

installed 
Voltage       .... 


Type  .  .  . 
Overload  capacity 
Temperature  rise 


Electrical  Efficiency 
Full  load      . 
Half  load     . 


Three  6  poles. 

Kritish  Thomson-Houston  Co. ,  Ltd. 
150  kilowatts. 

7 '6  per  cent. 

220  volts. 

Compound. 


{Conlinuad  on  p.  600. 
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Brimfldown. 


72. 


Guanuitee  40*  C.  after  10  liis.fall  load. 

4. 

80  ampa.,  110  volts.  (p.£  =1). 


96  percent.  (p.f.  =  1). 
94  per  cent. 
92  per  cent. 

12ft.   Sin.  X  6ft.   7in.  x  6ft.  6in. 
high. 


2  condensers  (2  engines  to  each). 


Four. 

2  of  160  B.H.P.   I  2  of  80  B.H.P. 

Belli88-B.T.H.  sets. 

None. 

Compound  2  crank. 

9  and  I6in.        1\  and  r2in. 


9  m. 

436  R.p.m. 


6  in. 

576  R.p.ni. 


Forced. 

80  lbs.  per  sq.  in. 

160  lbs.  per  sq.  in. 

16  lbs.  perhr.  |  17|  lbs.  per  hr. 

Four. 

T>  qi  TT     rv^ 

2ofio6K.W.  I  2of50K.W. 
10  per  cent. 
110  volts. 


75"  F.  after  24  hrs.  at  full  load. 


91  per  cent.      I  90}  per  cent. 
87  per  cent.      |  87  per  cent. 


Power  Station  of  the  English  M*Kenna 
ProcesB  Go.,  Ltd.  [B'Tomp.  586. 


250  volts  originally,  65  volts  now. 


2.  Originally  for  exciting,  etc. 

Belliss. 

Bellis-Siemens  type. 

These  also  do  lighting.     These  are  now 

superseded  for  exciting  current  by  66 

volt  sets. 


2.  Direct-driven  exciter  iw^iv  off  gener- 
ator shaft. 


66  volts  now. 
Siemens. 


I  Continued  on  p.  601. 
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Kame  of  Generating  Station 

78.  Overhead  Travelling  Cranes 
Number 
Size 


MaKer 


power 


Capacity 

Span  . 

Lifting:  Height 

Motive  Power 

Number  of  Motors 

Maker 

Lifting  Motor  Horse 

Speed 

Cross-run  Horse-power  Speed 
Long-run  Horse  power  Speed 
74.  Switchgear,  made  by 

High-tension  Switches 

ty         operated  by     . 

Generator  Switches 


LotB  Boad,  Ohelsea. 
2. 


Herbert,  Morris  k  Bastert. 

20  tons  each. 

67ft 

67ft. 

125  volts  continuous  current 


[From  p.  586. 


B.T.H.  Co.     Diagrams,  Figs.,  pp.  602,  606. 

Oil. 

C.C  motors,  220  volts. 

First  gallery.     Figs.  407,  408,  409. 


Bus  Junction    ,,  .  {  Second  ,,        Fig.  413. 

Busbars      .  .        .  i  Separate  compartments. 

Feeder  Switches  .        .        .  |  Third  gallery. 

Generator  Instrument  Panels  ,  11  panels  vertical.     Fig.  412,  p.  607. 
Position       .        .        ,        .     Second  gallery,   on  projecting   gallery,  over- 
I      looking  turbo-generators. 


On  each 


Generator  Control  Panels     . 
On  each       .        .        .        .  ' 


Feeder  Inst,  k  Control  Board  , 
Number  of  Feeder  Panels 
Oil  Switch  Motor  Con-  | 
trol  Panel  , 

Number  of  Feeders 
Each  Feeder  has  . 


Auxiliary  Switchboard  Con- 
trols 


Panels . 


Position 

Exciter  Bus  . 

A.  C.  Bus,  220  volts 

Emergency  Switches 


Generator  Cables 


3  A.C.  ammeters ;  voltmeter ;  indicating 
wattmeter  ;  recording  wattmeter  ;  power 
factor  meter  ;  field  ammeter. 

11  on  table  beneath  instrument  panels. 

Generator  oil  switch ;  bus  junction  switch  ; 
feeder  group  s^tch ;  indicating  lamps ; 
field  rheostat  controller ;  field  discharge 
switch  ;  governor  control  switch,  engine 
signal ;  synchronising  switch. 

Fig.  410. 

17. 

1  C.C.  220  volts. 

68. 

Ammeter;  wattmeter;  control  switch;  indicat- 
ing lami)8— red,  closed  ;  green,  open  switch. 
Overload  time-limit  relays,  with  electric 
gong  to  sound  when  feeder  switch  opens. 

Four  125  K.W.  exciter,  220  volts ;  8  sets  of  8 
transformers;  one  126  K.W.  synchronous 
motor  generator ;  2  batteries  of  accumulators ; 
89  motors,  3  ph.  220  volts  ;  12  motors  cc, 
125  volts  ;  93  oil  switch  motors,  220  volts  ; 
local  lighting.     Figs.  415,  416. 

2  battery  panels;  2  cc.  feeder  panels;  2 
motor  generator  panels ;  1  load  panel ;  4 
exciter  (single  pole)  panels ;  13  a.c.  panels  ; 
hand  operated  oil  switches. 

First  end  gallery. 

In  2  sections. 

Under  floor  iu  2  sections. 

Throw  oil  switch  motors  on  to  motor  generator, 

or  one  exciter  if  batteries  fail. 
In  screwed  piping  imbedded  in  conerete  gallery 

floor  with  no  junction  boxes. 

XContinued  on  p,  ^26 
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KeMden. 
78.  2. 


Higginbottom  k  Mannock.  | 

20  tons  each. 

46ft. 

80ft.  I 

125  volts  direct  ourt  off  ezdter  cirouiti 

8.  , 

10  horse-power,  SOft.  p9r  min. 

5  horse-power,  50/t.  per  min, 
5  horse-power,  110  ft,  per  min. 
74.  Westinghouse. 

Magnetic  control  from  master  board. 

Diagram  of  connections  mounted  on 
marble  board. 


OunriUe. 


[From  p.  687. 


Messrs  Craven  Bros. 

40  tons  and  one  auxiliary  crab  of  10  tons. 

68ft. 

40ft. 

8  phase  induction  motor  by  B.T.H,  Co. 

1  for  main  crab,  1  for  auxiliary  crab. 

4  ft   per  min.  main,   25ft.    per  min. 
auxiliary. 


B.T.H.  Co.    Diagram,  Fig.  417,  p.  611. 

Oil. 

Motors. 

Figs.  418-421,  425-427,  p.  612. 


Switches  in  this  diagram  are  oper- 
ated by  the  actual  switches,  tnus  I 
operator  has  before  him  a  correct  | 
diagram  of  connections  existing  at 
every  moment.  ' 


Diagram     synchronising     connections, 

Fig.  428. 
Control  board  :  8  enamelled  slates. 
Generator  panel  in  middle. 
Feeder  panel  for  N.E.R.   Co.   on  left 

hand. 
Feeder  panel  for  other  consumers   on 

right. 
Swinging  panels  carry  bus  voltmeters, 

rotary    synchroniser,     synchronising 

lamps  and  voltmeters. 


Fig.  419,  p.  612. 


Similar  to  Fig.  429,  Yoker,  p.  618. 


Switehboaixi  on  5  galleries  10ft  high. 
Lowest  gallery ;  leading  in  cables. 
Second  (turbine  floor  level) :  instrument 

transformers. 
Third :  main  switches  ;  control  board. 
Fourth  :  8  bus- bars,  each  2*5  sq.  in. 
Fifth :  8  bus-bars,  each  2*5  sq.  in. 
The  only  connections  to  bus-bars  are  the 

main  cables.     All  small  wiring  is  on 

machine    or   feeder    side    of    switeh 

respectively. 


Diagi-am,  Fig.  424,  p.  613. 


8  separate  cables  from  generators  to 
switchboard.  (8  core  feeder  cables 
to  substations). 

[Continued  on  p,  627. 
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Name  of  Generating  Station 

78.  Overhead  Travelling  Granee 

Number 
Size 


Type 
Maker 


power 


Maker 

Capacity 

Span  . 

Lifting :  Height 

Motive  Power 

Number  of  Motora 

Maker 

Lifting  Motor  Horse 

Speed 

Cross-run  Horse- power  Speed 
Long-run  Horse-power  Speed 
74.  Switcl^ar,  made  by 

High-tension  Switches 

,,         operated  by     . 

Generator  Switches 

Bus  Junction    ,, 
Bus-bars      .... 
Feeder  Switches  . 
Generator  Instrument  Panels 
Position       .... 


On  each 


Generator  Control  Panels     . 
On  each       .... 


Feeder  Inst.  &  Control  Board 
Number  of  Feeder  Panels 
Oil  Switch  Motor  Con- 
trol Panel 
Number  of  Feeders 
Each  Feeder  has   . 


Auxiliary  Switchboard  Con- 
trols 


Delray,  U.8.A. 


1  electric. 

Northern  Engineering  Co. 

35  tons. 

61ft 

S-phase  induction  motors. 


[From  p.  688. 


Fig.  428,  p.  617. 

125  volt  exciting  circuit. 

First  gallery. 
Below  first  gallery. 
Second  gallery. 


24  panels. 


Panels  . 


Rheostats  worked  by  sprocket  chains  run  in 
iron  pipes. 


Position 

Exciter  Bus  . 

A.  0.  Bus,  220  volts 

Emergency  Switches 

Generator  Cables  . 


[Delrof  ends. 
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L.  Street  Station,  Boston,  U.S.  A. 
78. 


,  U.S.A. 

[From  p.  689. 


74. 


8  series-wouiid,  totftUy  enclosed. 

Westinghouse. 

25  hone-power,  460  R.p.m. 

4  horse-power,  985  R.p.m. 
10  horse-power,  650  R.p.m. 

Fig.  429. 

Low  Yoltage  auxiliary  circuit. 

In  cells  on  switchboard  floor. 


[L.  Street^  Boston^  ends. 


Three  18,200  yolts  feeder  panels. 


1  o.c.  booster  panel ;  1  totalising  panel ; 

8  a.c.  and  8  cc.  rotary  panels ;  4  c.e. 

feeder  panels ;  1  emeigencv  feeder  panel; 

8  exciter  panels ;  2  auxiliary  panels. 
(1    substation   is  in   gallery  in    main 

turbine  room.) 


iOmtimud  on  p.  629. 
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Name  of  Oeneratiiig  Station 

78.  Overhead  TxaTelling  Oraaes 

Number 
Size    . 


Maker 

Capacity 

Span  . 

Lifting:  Height 

Motive  Power 

Number  of  Motors 

Maker  • 

Lifting   Motor  Horse- 

S()eed  I 

Cross-run  Horse- power  Stieed 
Long-run  Horse-power  Speed 
74.  Switchgear,  made  by 

High-tension  Switches 

, ,         operated  by    . 

Generator  Switches 


Toker. 


1. 

8  motors. 

0.  A.  Muaker  k  Co. 

SOtona 

42ft. 

125  volts  from  exciters. 


[Frf>mp.  590. 


power  '  25  horse -})ower,  460  R.p.m.  series. 


4  horse-power,  985  R.p.m.  series. 
10  horse-power,  650  R.p.m.  series. 
Westinghouse,  in  8  galleries. 
Figs.  430,  481,  432. 
Exciter  circuit. 


Bus  Junction    ,, 
Bus  bars      .... 
Feeder  Switches  . 
Generator  Instrument  Panels 
Position       .... 


Top  gallery  in  brick  compartments. 


On  each 


Generator  Control  Panels 
On  each 


See  Fig.  429,  p.  618. 

DiHgram  as  described  under  Neaaden,  p.  595 


Feeder  Inst,  k  Control  Board 
Number  of  Feeder  Panels 
Oil  Switch  Motor  Con- 
trol Panel 
Number  of  Feeders 
Each  Feeder  has   . 


Auxiliary  Switchboard  Con- 
trols 


Panels  , 


Position 

Exciter  Bus  . 

A.  0.  Bus,  220  volts 

Emergency  Switches 

Generator  Cables  . 


[  Yoker  ends. 


Mofherwell. 
78. 
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ThomhilL  [From  p.  691. 


25  tonB. 

SSft. 

40ft. 


74.  Westinghonae. 

Duplicate  of  Yoker. 


[Mothencell  ends. 


BT.H  Co. 

Oil.     Figs.  488,  434.  p.  621. 
c.c.  motors,  220  rolts,  on  8  floors  in  separ- 
ate building,  opening  to  engine-room. 


1   panel    controls   section   switch,  and 
synchronising. 


3  exciters,  220  volts,  150  E.W.  auxiliary. 


3  exciter  panels,  4  auxiliary  motors,  and 
lighting  single  pole  (16  circuits). 


Earth  cable  to  all  plant 


[Thomhill  ends. 
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Name  of  Generating  Station  Badcliffe. 


78.  Overhead  Travelling  Oranes 

Number 
Size     . 

MaKer 

Capacity 

Span  . 

Lifting:  Height 

Motive  Power 

Number  of  Motors 

Maker 

Lifting   Motor  Horse-power 

Speed 
Cross-run  Horse-power  Speed 
Long-run  Horse-power  Speed 
74.  Switchgear,  made  by 

High  Tension  Switches 

,,  operated  by 

Generator  Switches 

Bus  Junction    ,, 
Bus-bars      .... 
Feeder  Switches  . 
Generator  Instrument  Panels 
Position       .... 


[Fnmp,  592. 


On  each 


Generator  Control  Panels 
On  each 


Feeder  Inst  k  Control  Board  \ 

Number  of  Feeder  Panels  '  10  feeder  oil  switches. 
Oil  Switch  Motor  Con-  ' 
trol  Panel  i 

Number  of  Feeders 
Each  Feeder  has  .        .  ' 


B.T.H.  Co.     Diagram,  Fig.  485,  p.  622. 

OU. 

c  c.  motors. 

Fig.  436,  p.  628. 


4  generator  oil  switches. 

Control    switches   and   instruments  mounted 
together. 


Auxiliary  Switchboard  Con-  i  Fig.  437,  p.  624. 
trols  I 


Panels  . 


Position 

Exciter  Bus  . 

A.  C.  Bus,  220  Volts 

Emergency  Switches 

Generator  Cables  . 


[Raddiffe  ends. 
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BrimBdown. 
78.  One, 


Oarrick  and  Ritchie. 

25  tons. 

45  ft. 

19. 

Electric. 

One  of  10  hone- power. 

18in.  per  min.  full  load  up  to  10  ft. 

per  min.  light  load. 
40ft.  per  min. 
40ft.  per  min. 
B.T.H.  Co. 
Oil. 
c.c.  motors. 


The  data  on  Brimsdown  was  supplied 
by  Mr  A.  H.  Pott,  chief  engineer. 


Power  Station  of  the  English  M'Kenna 
Procefls  Co.,  Ltd.  IFrom  p.  693. 


47ft. 
80ft. 
Hand. 


Siemens.     Fig.  487a,  p.  625. 


[Brimsdoicn  nuU, 


8  generator  panels. 
1  load  panel. 


1  a.o.  and  1  c.c.  rotary  panels ;  one 
lighting  panel ;  2  exciter  panels  ;  6 
feeder  panels.  The  load  is  6  sets  of 
rolls,  oriven  by  six  500  horse-power 
8  ph.  induction  motors,  with  pilot 
control  gear. 


To  stop  the  rolls  the  automatic  circuit 
breaxer  is  tripped  by  a  push-button 
circuit,  which  also  starts  a  pilot  motor 
on  starting  switch,  thus  cutting  in 
resistance  ready  for  a  fresh  ^start,  and 
during  this  operation  a  pilot  lamp 
glows. 

To  start,  another  bell  circuit  signals 
which  circuit  breaker  is  to  be  closed. 
As  soon  as  the  pilot  motor  has  cut  out 
all  resistance  attendant  signals  "com- 
mence rolling. " 


[3nglish  Af^Kenna  PlarU  &nds. 
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^mm*%  fc"o  ■*■! 
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Fio.  407.— Lots  Road,  Chelsea:  Generator  Switch  and 
Potential  Transformers. 
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Am  1111    1^1' 


TT^.^d)^5^^i^j,-ii,^?i»T^i.  i.W'i^.jA  *  **t*BrMuT jy^iji  y ^.T -t  .,1  g4igJH!Hr^  ,1  ^ 


CL>*LKAtDB     <ErrhC]H 


Fio.:408. 
Figs.  408,  409,  and  410.  —Lots  Road,  Chelsea  :  Front  and  Side  Eleyations  of  parts 
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I^M 


ib-Q-H    X 


D-Q-— ^ 


4>    « 


"?    ?    9 


O-th- 


^    i-    ^    ^    ^    ^    ^ 

Q-rV-4^-{] , , 1 , r . r- 

filill"^   — 


f.nj0-fht  -SiiiDiM  / 


Fio.  410. 


Fio.  409. 
of  11,000  Volt  Switch  Gear  and  Cables,  and  Key  Diagram.     {Strfct  Hailway  Journal.) 
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Fio.  411. — Lots  Road,  Chelsea:  Feeder  Switchboard. 

These  two  boards  are  placed  in  the 
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Fi(i.  412.— Geuei-ator  Switchboard. 


relative  positious  shown.     (See  Fig.  409,  p.  606.) 


Photos  by  B.  T.H,  Co.,  Ltd, 
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Fio.  416.— Lots  Road,  Chelsea  :  Motor  operated  Main  Rheostats. 
( Tramway  and  Railway  World. ) 


39 
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Fio.  416.— Lots  Road,  Chelsea  :  Auxiliary  Plant  Switchboard. 
{Tramway  arid  Railway  World.) 
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GENERATOR  PANEL.    FEEDER  PANEL.  FEEDER  PANEL    GENERATOR  PANEL 


FRONT  VIEW. 


Scale 


BACK  VIEW 


f«^  L.?     ^^    ^L^    ^^    7_?    1^^«^' 

BACK  AND  FRONT  VIEW  OF  H.T.  SWITCH  GEAR. 
CARVILLE       POWER     STATION 

Fig.  418.  Fio.  419. 

(From  Proc.  Inst,  Elec.  Engrs.) 


steam  Turbine  Enfjuieerimj.] 


BIS 


B\S 


C  0  5, 


J 


p'-..^-^.    .-4  ^^.-^sflr. 


D  -  ©us   BAR 
&L5-6oaBAR    ISOLATING    SWtTCM. 
COS- BUS  BAR   CHANCC    OVD{   SW'ITCH. 

D-OrviOiNG     BOX.. 

M-MAIN    OIL    BRC.AK     SWITCH. 

C-CURRCNT    TRANSrORMCR. 

£-  CABLC    tnO. 

P.-  POTtNTlAL  TRANSrORMCRS. 

5-  SPARK    CAPS. 

r  I  5-  rceotR   isolating  switch. 


.MAI^  SWITCH 
:  GALL  CRY. 


TRANSFORMLP 
GAL  L  tHY. 


GENERAL     ARs?AN 


rCLT  10   12  3  4  5  6   1 


-ru 


GENLRATOR  PANEL. 


FEEDER  PANEL 


CROSS    SECTION    of  HIGH    TENSION     SWITCH    GEAR. 
CARVILLE    POWER    STATION. 


Scale 


Felt. 


FeETI       012345678310 
^"-'       '       ^ '       .....       ^ J 


Fio.  421.  Fig.  422. 

(From  Pr(M\  Jnsf.  of  Eke,  Engrs,) 


■^-- 


w 


V 


don 


WENT     OF    SWITCHGEAR   and    CONNECTIONS 
\RVILLE    POWER    STATION 


-MAIN    aeNtRATON    <9^X>0K.W> 
-  tXClTCK. 

»  3  PMAse  TfiANsrottMUi. 

•  M.T  CABcea  FROM   GUeilATOII    TO   MAIN  SWITCtl. 

"AIR  oi^sT  t^anm  nn  coouno  mMVOMVJU. 

'  U.T.  rtkHZLA. 

'  OF>eRATiNO  eOAAO  (tLeCTRICAL  COMTNOLI. 

•  L.T  CASl.CS    IN   KACKB. 
"EXCITER  UMIOSTAT. 
-H.T.  BUS   BARS. 
»»1AIN    OIL  BMtAK    SWITCH. 

•TCSTIWQ   CA6LCS    NUNNIMO    TO  "ftST    HmO. 

■oi»e«ATiMa  ucAOS  in  npino, 

•COWRtMT   TRANSrORMeR. 
-'•OTENTIAL  TRAMSrOKMCA. 
-KT.  rtCOCRS. 
■TtLCORAPM 


[ro/oce  JO.  612. 


Fio.  420. 
(From  Proc.  Inst,  of  Eltc.  Engrs.) 


PLUG  F8R  MACimiE 


PLUG  FOR  JRACmNE 
"^  SYNCNRONISINC 


Fig.  428. — Carville  Synchronising  Connections. 

:  1    Ratio  Transformer  is  used  to  give   *  bright '  lamps  ;   synchronising  being 
between  two  generator  potential  transformers  with  same  pole  earthed  on  each. 

{The  Electrician.) 
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rl'l' 


STATION 


LIGHTING 


■Brcuit. 

T 1, 


.? ATJ.ERV.H  I ,  I , ,  p-l , I ..BATT ERY. ^  ,  [ ».^ 

ZJ:*!  \^^r I 

0  D        I FUSES.  V 


'        /        /  UGHTir^ 

5      pscs.     Z^ 


^T^ 


|DX:.GENERATORS  OR  VENl 
BY  INDUCTION  MOFHRSl  X 


EObC^CNCRATOR  FIELD. 


THESE  LEADS    FOR   EXCITING  GEN, 
FIELD    DIRECT  FROM    BUS"  BARS. 


EXCITING      CIRCUIT     DIAGRAM. 

CARVILLE     POWER     STATION. 

Fio.  424. 

(From  the  Inst,  of  Elec.  Eiiyra,) 
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Fig.  431.— Quincy  Point:  Switchboards  A.C.  and  D.C. 


Fig.  482. — ^Yoker :  High-tension  Oil  Switches. 
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..'  X 


\  f  m 


Fig.  488.— Thomhill:  Main  H.T.  Feeder  Panels. 
( The  El^rical  Review, ) 


Fig.  434.— Thornhill :  Main  Switchboard  Continuous  Current  Panels. 
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NAIN    H  T  •  L  T     SWiTCHOOAno 


Flf    »&     PttDCH    i^MiELt 


fP«w    vw»"'C  *T.,*it      ^VMP'    --'**^ 


Fio.  435.— Radcliffe  :  Diagram  of  Electric  Connections. 
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CXCITCR  CCNCMATOR 


0\J 


VVATEI* 
ACCUMULATOR 


Fio.  437. — Radcliffe  :  Lancashire  Power  Co. :  Diagram  of 
Electric  Circuits  to  Auxiliaries.      ( The  Elec.  Engr. ) 
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Name  of  Generating  Station 


75,  Transformers: 
Number 
Maker 


Volts  primary 
Volts  secondary 
K.W.  rating 
Nmnber  of  Sets 
Connection  . 
Supplying   . 


76.  Auxiliary    Alternate    Current 
Generating  Plant    . 


Takes  Steam  through 

£xhaust  into 
Engine:  Number 

Maker 

Type  . 

Speed  . 

Lubrication . 
Generator:  Number 

Maker 

Rating 

Voltage 

Phases 

Use     . 


Lots  Boad,  Chelsea. 


3  sets. 
Westinghouse. 

11.000. 
220. 


Motors  for  auxiliary  plant 


None. 


[From  p.  594. 


77.  Auxiliary  Pumps 

Number 
Maker 


Connected   . 
Capacity,  Larger . 
Smaller    .        . 
Pumping  against  head 
Steam  received  from     . 
Steam  exhausts  into     . 
Used  .        .        .        . 


[Lots  Roadf  Chelsea^  ends. 
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Neasden. 


Oarville. 


{Frmn  p,  696. 


75. 


76. 


77. 


4. 

Westinghouse. 
Oil -cooled. 
11,000. 
440. 

60K.W. 
2. 
Y. 

Motors  of  auxiliary  plant  and  local 
lighting. 


Pipe  from  main  header. 


Alberger  surface  condenser. 

1. 

Westinghouse. 

Single-acting  com{)ound. 

286  R.p.m. 

Bearings  run  in  enclosed  oil  bath. 

1. 

Westinghouse. 

100K.W. 

440. 

8. 

This  set  is  used  to  run  the  auxiliary 
motors  for  economiser,  conveyor, 
etc.,  if  for  any  reason  the 
supply  through  the  static  trans- 
formers from  the  main  bus-bars 


2. 


Frank  Pearn  k  Co. 


In  parallel. 

40,000  gallons  fwr  hour  one. 

10,000      „  ,,       the  other. 

8  feet 

Main  header. 

Feed-water  heaters. 

Either  singly  or  together,  instead  of 
any  of  the  circulating  pumps,  or 
connected  to  the  fire  mains 
throughout  the  buildings. 

[CajUinued  on  p.  628. 


6000. 

480. 

760K.W.,  3  phase  each. 

2. 

A  on  h.t  side,  Y  on  l.t.  side. 

Motors  of  auxiliary  plant. 


None. 

Two  inter-connection  i^nels  (6  single 
core  cables)  join  Neptune  Bank  (an 
older  separate  power-house)  in  parallel 
with  Carville. 


(For  cleaning  switch  gear  compressed 
air  is  suppRed  on  all  galleries  through 
permanent  pipes  from  motor-com- 
pressor in  basement.  Armoured  hose 
with  long  insulating  nozzles  are 
attached  to  any  of  the  cocks  pro- 
vided. ) 


[Carville  eiids. 
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Name  of  Generating  Station 

78.  Substation: 

In  Power-house    . 
Situation     . 


79.  Tranflformers 

Number 

Maker 

Capacity 

Regulation 
Voltage 


Maximum  Temperature  rise 

Full  load     . 

25  per  cent  overload 

60 

Efficiencies  guaranteed 

iload  . 

I  load  . 

Full  load 
Controlled  . 

80.  Rotaries  . 
Number 
Ty 


Neasden. 


[Frtnn  p.  627. 


lakers 
Capacity 
Number  of  Poles 
Efficiencies  guaranteed 

Hoad  . 

fload  . 

Full  load 
Pole  pieces  . 
Armature    . 
Maximum  Temperature  rise 
guaranteed 

Normal  load 

26  per  cent  overload 

60 
Starting  arrangement  . 

Brushes       .... 


In  basement  below  the  level  of  the  generator - 
house  floor. 

12. 

Westinghouse. 
200  kilowatts  each. 
Oil -insulated — self-cooling. 
1  '75  per  cent,  no  load  to  full  load. 
11,000  primary  per  phase,  440  secondary  per 
phase. 


45*  C.  for  24  hours. 
60**  C.  for  24  hours. 
60"  C.  for  1  hour. 

97  per  cent 
97  '4  per  cent 
97  '4  per  cent 

From     high-tension    substation    switchboard 
through  oil  switches. 


3. 

Compound-wound. 
British  Westinghouse  Co. 
800  kilowatts  each. 
10. 

91  i  per  cent 

94  i>er  cent. 

95  per  cent. 
Laminated  steel. 
Slotted  drum. 


40'  C.  24  hours. 

50*  C.  24  hours. 

60-  C.  1  hour. 

Induction  motor  on  extended  shaft  on  end  of 

rotary  bed-plate. 
Carbon    for   continuous   current,    copper    for 

alternate  current 

[Ne€isden  ends. 
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Qninoy  Point,  Maso.,  U.S. A. 

Fig.  368. 

On  one  side  main  turbine  room. 

3. 

General  Electric  Co.,  Schenectady. 

825. 

Air  blast,  3  phase. 

1  auxiliary  transformer  3  phase  supplies 
350  volts  to  drive  ezcitei-s,  blowers,  con 
densers,  conveyor  motors. 


[From  p.  697. 


3. 
Gom{K)und. 

760  K.  W.,  26  cycles,  600  volts. 


\_QuIhcij  Pmnt  ends. 


CHAPTER  XXIII 


MARINE  STEAM  TURBINES 


Limits  of  the  Subject. — The  purpose  in  view  is  to  bring 
together  as  much  data  on  the  application  of  the  steam  turbine 
to  marine  work  as  those  who  have  the  information  are  willing 
to  have  published.  The  following  list  of  vessels  gives  some  details 
and  references  to  further  tabulated  data.  It  is  not  surprising  that 
all  builders  and  users  of  vessels  have  not  time  and  inclination 
to  supply  every  detail  necessary  to  make  any  outlined  scheme 
complete.  Appreciation  of  the  assistance  received  from  many  of 
them  is  expressed  in  the  Preface. 

List  of  Turbine  Vessels  and  Index  to  further  Data. 


i 
i 

Turbine-Vessers 

i 

TT       p 

R.P.M. 

I? 

1 

gss 

m 

k 

55 

g 

Name. 

H.-F. 

Centre 

Side 

U 

1 

r 

1 

Sliaft 

Shaft. 

%i 

CO 

> 

1 

"Tuvbinlalsf 

1894 

84-6 

2,000 

2230 

210 

None 

? 

6S6 

2 

"Viper"    . 

1898 

371 

12,300 

1180 

240 

fi 

? 

669 

3 

"Cobi-a"  .        .        . 

1899 

84-6    18,000 

1060 

240 

If 

9 

6.'i9 

4 

"  King  Edward  " 

May  16,  1901 

20-5     3,.'i00 

600 

7608 

160 

S 

6«4 

6 

"  Queen  Alexandra  " 

Apr.  8,  1902 

21-6  1   4,400 

760 

1100 

160 

j^ 

664 

G 

"Revolution"  . 

1902 

18     '    1,800 

660 

260 

28* 

728 

7 

''Velox"   . 

1902 

27-1      9.000 

840T 

200 

27 

669 

„       max. 

36-6 

12,000 

1180 

8 

"No.  248" 

1902 

21 

1,800 

.. 

260 

786 

9 

"Tax-antula"    .        [• 

1902 

26-7 
22 

2,000 

lOOO 

9*80 

226 

ii 

21 

678 

10 

"Emerald" 

Oct  2,  1902 

16 

600 

700 

160 

? 

669 

11 

"Eden"     . 

Mar.  14, 1903 

26-3 

7,600 

940 

260 

669 

12 

"  Queen  "  . 

Apr.  4,  1903 

22 

9,700 

480 

600 

160 

„ 

Y 

684 

13 

"Lorena" 

1903 

18 

8,500 

550 

700 

180 

669 

14 

"Brighton"      . 

1903 

21-5      7,000 

620 

600 

160 

V 

686 

15 

"Amethyst"     . 

Nov.  6,  1903 

28-6 

14,000'     449 

490 

260 

27 

648 

16 

"No.  1126"       . 

1903 

26-4 

2,000      575Ji 

1850T 

.. 

673 

17 

"  Princess  Maud  "     . 

Feb.        1904 

20-6 

6,000       600 

150 

664 

18 

"No.  298" 

Mar.  17,    „ 

26 

1.950 

'    260 

786 

19 

"  Liibeck  " 

Mar.  26,    „ 

23-9  '  12,000       660 

1 

742 

20 

"Turbinla(2nd)"      . 

Mar.  30,    „ 

18-5;    5,000 

1    160 

n 

728 

21 

"Manxman" 

June  15,    „ 

23         8,500       630 

600 

!    200 

692 

22 

"  Londonderry  " 

22-3  '   8,000 

660 

750 

>    160 

1 

n 

692 

28 

"  Victorian  "     . 

Aug.  26,    „ 

19-5  1  12,000 

300 

800 

;    180 

»» 

? 

710 

24 

"Lama"   . 

Dec.  8,       „ 

17 

4,000 

'    160 

? 

686 

(J30 
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List  of  Turbine  Vessels  and  Index  to  fubther  DAiA—cwUinued. 


1 

R.P.M. 

§4 

J* 

ft 

1 

1 

Turbine-Vessers 
Name. 

t 

H.-P. 

1? 

il 

2s, 

1 

a 

CO 

Centre     Side 

|§ 

S 

Shaft.  ;  Shaft. 

CO 

None 

1= 

36 

"  Narcissus  "     . 

Dec.  20, 1904 

14-5 

1,250 

550 

180 

? 

669 

26 

"Virginia"       . 

Dec.  23,     „ 

19 

11,000 

270 

180 

? 

710 

27 

*' Albion". 

Dec.  32,    ;, 

15 

1800 

.. 

150 

? 

669 

28 

"Caroline" 

26-4 

3300 

516R  \  1450T 
'    1650 

235 

'' 

37 

678 

39 

"Unga"  .        .        . 

tt 

18 

4,000 

..      1      .. 

150 

? 

686 

30 

'•  Lunka  " . 

17 

4,000 

150 

^^ 

? 

686 

81 

"  Lhassa  " 

18  1 

4,000 

150 

686 

83 

"  Loongana  "    . 

201 

6,000 

650 

150 

11 

*? 

686 

8S 

"No.  294" 

18 

. . 

,, 

.. 

.. 

786 

84 

"Howaldfs"     . 

^, 

743 

86 

"S125"    . 

28-9 

7,'6oo 

,, 

,, 

743 

86 

"Ubellule"      . 

(f)     " 

,, 

. , 

,, 

669 

87 

"Carmania"     . 

Feb.  21,  1905 

21 

32,700 

195 

(?) 

716 

38 

"VlkinK"         .        . 

Mar.  7, 1905 

, 

150 

664 

89 

"  Onward" 

Mar.  11,  1905 

1 

,, 

,, 

684 

40 

"  Independance " 

23* 

lijOOO 

734 

41 

"Prlncesse  Elizabeth" 

Mar.  80,  1905 

24 

150 

734 

42 

"Dieppe". 

Apr  6,1905 

21-5 

7;6oo 

600 

150 

a) 

686 

43 

"Kaiser".        .        . 

Apr.  8,  1905 

20-5 

6,000 

600 

200 

743 

44 

"Invlcta" 

Apr.  19,  1905 

23 

8,000 

150 

684 

45 

"Wacht"  . 

1906 

.. 

0) 

743 

46 

U.S. A,  "Cruiser"     . 

1905 

,, 

^^ 

728 

47 

U.S.A.  Scout  "Salem" 

1905 

24' 

16,*600 

.. 

738 

48 

U.S. A.  Scout 
"Cheater" 

24 

16,000 

•• 

" 

728 

49 

"St  George,"  G.W.Ry. 

Jan.  13,  1906 

, 

50 

"St  Patrick,"       „ 

... 

23' 

9^600 

480 

160 

., 

664 

51 

"StDayiil." 

O.C.  By.  Co.     .        . 

Jan.  36, 1906 

52-3 

18* 

61500 

.. 

Two  by  Messrs  Gammell  1 

Lai 

rd&Co 

.    370ft  I'lUff. 

16ft.  dra^-ght,  3  shafts.  1 

54 

"Susitania"      . 

25-knot  vessel 

25 

75,000 

160 

.. 

716 

55 

"Mauritania" 

25-knot  vessel 

75,000 

716 

56 

Cunard,       knot 

Vessel 

60,000 

_. 

^, 

716 

57 

"  T.  B.  Taylor  . 

Vessel 

,, 

81 

58 

"Maheno  . 

1905 

17-5 

6,'6oo 

.. 

"* 

(i) 

686 

lOOt- 

Vancouver  to  Sydnep. 

note 

59     "Blngera" 

.. 

6,000 

.. 

60     "Osborne"!     .       . 

18 

61     "Mahrou88a"a. 

.. 

17-5 

^^ 

^^ 

62  ,  Brittah  Battleships    . 

Four 

Shafts 

" 

''Dreadnought" 
Cla«8  8 
1  British  Torpedo  Boats 

Feb.  1*0,  1906     21 

28;600 

300 

.. 

250 

.. 

ii 

63  1  5  Ocean  Destrnyers^ 

33 

1,500 

700 

220 

J, 

.. 

64  1  2  Ocean  Destroyers  . 

31 

. , 

,, 

65     12  Coastal  Desti-oyers  s 

'.'.              26 

3,600 

1300 

220 

^^ 

6«     P.  A.  Campbell,  Esq., 

,20 

1 

, , 

,, 

It 

Bristol 

1 

1 

1  U.M.  King  Edwai-d  VII.'s  Yacht,  2000  tons,  285ft.  long,  40ft.  wide,  Parsons  Turbines  by  Messrs 
A.  <fc  J.  Inglis,  Pointhouse.  2  H.M.  The  Khedive  of  Egypt's  Tacht 

3  Four  propellers,  each  111  bis.  diam.  on  fonx  shafts,  18,000  tons,  26ft.  draught,  nearly  500ft.  by  82ft. 
beam.  2  rudders  20ft.  apart.  2  h.  p.  f or'd  and  astern  turbines  (Vickers)  on  two  wing  shafts ;  2  l.p.  for'd 
and  astern,  also  2  cruising  turbines  oit  2  inside  shafts.    Babcock  boilers  for  coal  or  oil  fuel    21  knots. 

*  By  Messrs  Laird,  Thomycroft,  Ai-mstrong,  Hawthorn  Leslie.  260ft.  long  with  a  72in.  diam. 
propeller  on  each  of  8  shafts. 

B  175f  L  long  with  a  36in.  diam.  propeller  on  each  of  8  shafts.  "  Grasshopper,"  "  Gadfly,"  "  Glow- 
worm,'' "Gi'eenfly,"  "Gnat,"  each  230  tons,  by  Messrs  Thomycroft  &  Co.,  Chlswick,  London. 
»'Moth"  and  "Mayfly,"  tach  230  tons,  by  Messrs  Yarrow  A  Co.,  Mlllwall.  "Cricket"  (launched 
Jan.  23,  1906),  "Dragonfly,"  "Firefly,"  "Sandfly,"  "Spider,"  each  220  tons,  by  Messrs  J.  T.  White 
A  Co.,  Cowea. 
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List  of  Turbine  Vessels  and  Index  to  fubthsr  Data— con/t»tt«rf. 

I-- 


Tnrblne-Vessers 
Name. 


72-8 
4 


General  Steam  N.  Co. 
''Kingfisher" 

Tilbury,  etc.  to  Boulogne. 

Bum  Line . 

Ardrouan  to  Bel/cut. 

"Creole"  . 

Morgan  Lifve^  Southern 
Pacific  Ry, 

Hamburg-Heligoland 

S.S.  Co. 
Caledonian       Steam 

Packet  Co. 
Allen  Line 
Coast     Deyelopment 

Co.,  London  (Belle 

Steamers). 
Metropolitan  S.S.  Co. 

New  York 
Eastern     S.S.  Co., 

U.S.A. 


Laancbed. 


Mar.  37, 1906. 


I 


l|H.. 


SI    I 


1 


R.P.M. 


Centre 
Shaft. 


Side 
Shaft. 


■X 


z  . 

i 

it 

& 

§^ 

9 

'p 

16(?) 


I  I  I 

One  by  Messrs  Denof, 


One  by  Metsrs  Fairfield  A  Co. 


(10,000  tons,  440ft.  long,  63ft  beam,  CorUa 
Turbines). 


20     6,000  One  by  ''  Vulcan,"  p.  748. 

?  One  by  Messrs  Denny. 

Two  larger  than  "  Victorian"  or  ••Virginian." 
One  for  Rirer  Thames  by  Messrs  Denny. 

Two  by  Messrs  Roach,  Chester,  Pa.,  U.S.A. 
One  by  Messrs  Roach,  Chester,  Pa.,  U.S.A. 


Condensers,  etc. — Table  CXIIL,  p.  437,  gives  the  surface  of 
Marine  Condensers,  Steam  per  hour,  and  per  square  foot  of  con- 
denser surface  and  ratios  of  condenser  surface  to  boiler  heating 
surface,  and  of  the  latter  to  grate  area  for  turbine  vessels,  so  far 
as  these  have  been  ascertained. 

Comparisons  with  Reciprocating  Enginea — ^An  effort 
has  been  made  to  put  alongside  the  tabulated  data  on  turbine- 
driven  vessels  dimensions  of  the  reciprocating-engined  vessel 
which  runs  on  the  same  route  and  is  nearest  in  size  to  the  turbine 
vessel. 

In  most  cases  this  is  incomplete,  but  in  every  case  care  has  been 
taken  to  avoid  any  confusion  of  the  two  by  using  distinctive  type. 

The  turbine  was  considered  theoretically  superior  at  high  speeds 
to  the  reciprocating  engines,  and  the  Hon.  C.  A.  Parsons*  earliest 
work  used  2200  revolutions  per  minute,  but  the  speed  has  been 
reduced  rapidly,  and  we  have  300  revolutions  on  the  Allan  liners 
and  180  revolutions  as  specified  maximum  on  the  new  Cunard 
liners,  with  about  160  actual. 

Limits  of  Speed  and  Size. — From  the  report  of  Professor 
Rateau's  paper  before  the  Institute  of  Naval  Architects,  March 
25th,  1904,  the  following  is  outlined: — 

1.  The  total  surface  (size)  of  propellers  is  mainly  determined  by 
the  principal  cross  section  of  the  ship. 
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2.  The  size  of  the  turbines  is  limited  only  by  the  speed  of 
rotation,  and  not  by  the  power  developed. 

3.  The  speed  of  the  turbine  must  be  reduced  in  proportion  to 
the  speed  of  the  ship,  so  the  dimensions  of  the  turbine  are  increased 
(either  by  increasing  the  number  of  rings  or  by  increasing  their 
diameter). 

4.  The  power  increases  approximately  as  the  cube  of  the  speed 
of  the  vessel. 

5.  There  is  a  lower  limit  of  speed,  below  which  the  use  of  steam 
turbines  alone  cannot  be  recommended. 

6.  Professor  Eateau,  in  his  paper  before  the  Association 
Technique  Maritime  in  1902,  put  this  speed  limit  at  about 
20  knots  for  turbines  alone. 

7.  For  reciprocating  engines  and  turbines  the  same  authority 
fixes  this  limit  at  "15  knots,  or  even  less." 

8.  Clearances  between  moving  and  fixed  parts  in  the  Eateau 
type  of  turbine  generally  exceed  3  millimetres,  and  may  even  be 
5  to  6  millimetres. 

Other  Opinions  on  the  Lower  Limit  of  Speed  for 
Turbine  Vessels. — Sir  William  White  did  not  accept  Mr 
Eateau's  limit  of  20  knots,  and  stated  he  had  been  designing 
a  yacht  with  turbine  engines  which  would  have  an  economical 
speed  at  12  to  13  knots,  the '^maximum  speed  being  consider- 
ably higher. 

Sir  William  White  was  one  of  the  Commission  of  Experts 
appointed  by  Lord  Inverclyde  and  the  other  directors  of  the 
Cunard  Company  to  consider  the  question  of  turbines  versus 
reciprocating  engines  for  their  latest  vessels. 

Ounard  Commission. —The  complete  list  of  members  of  that 
Commission  in  alphabetical  order  is — 

1.  Mr  James  Bain,  Marine  Superintendent  of  Cunard  Company. 

2.  Mr  T.  Bell,  Engineer-Director  of  Messrs  John  Brown  &  Co., 
Ltd. 

3.  Mr  H.  J.  Brock,  of  Messrs  Denny,  Dumbarton. 

4.  Mr  Andrew  Laing,  Managing- Director  of  the  Wallsend 
Engineering  Co. 

5.  Mr  J.  T.  Milton,  Chief  Engineer-Surveyor  of  Lloyd's. 

6.  Engineer-Eear-Admiral  H.  J.  Oram,  Deputy  Engineer-in- 
Chief  of  the  Eoyal  Navy. 

7.  Sir  Wm.  H.  White,  K.C.B.,  representing  Messrs  C.  S.  Swan  & 
Hunter,  Ltd.,  Newcastle-on-Tyne. 

Professor  Eateau's  limit  of  20  knots  is  evidently  not  accepted  by 
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The  Parsons  Marine  Steam  Turbine  Company,  as  they  have 
equipped  the  Lorena,  Princess  Maud,  Tarantula,  Turhinia  (the  one 
for  Canadian  river  service),  Lhasa,  Li^iga,  Allan  liners,  and  the 
Albion,  etc.,  with  turbines  for  lower  speeds  than  20  knots. 


«0  50  60 

%  OF  SPEED 

Fig.  438.— From  Proceedings  Itist.  Navcd  Architects. 


Relative  Consumption  of  Steam:  Turbines  versus 
Reciprocating  Engines. — Fig.  438  includes  Professor  Eateau's 
roughly  approximate  comparison  of  the  general  variation  of 
steam  consumption  per  H.P.H.  for  a  turbine  and  a  reciprocating 
engine,  assuming  they  consume  equal  quantities  of  steam  at  the 
maximum  speed.     The   steam  consumption   of   the  reciprocating 
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engine  is  below  that  of  the  turbine  for  all  comparative  speeds  up 
to  about  95  per  cent. 

In  the  discussion  of  Professor  Bateau's  paper  Mr  K  M. 
Speekman  considered  those  curves  somewhat  elusive,  and  put 
forward  Fig.  438,  which  repeats  Professor  Bateau's  curves  and 
includes  curves  showing  the  steam  consumption  per  H.P.H.  from 
no  speed  to  full  speed  of  the  following : — 

Professor  Bateau's  Turbine. 
Professor  Bateau's  Reciprocating  Engine. 
Torpedo  gunboat  H.M.S.  Seagull. 
CruLser  H.M.S.  HyadiUh, 
Cruiser  H.M.S.  ArgonatU, 

Westinghouse  (Pittsburgh)  guarantees  on  a  7000  horse-power  turbine  at 
740  revolutions  per  minute. 

It  also  includes  curves  showing  total  steam  consumption  per 
hour  for  all  speeds  (zero  to  full  speed)  of  H.M.S.  Hyacinth  and  of 
the  7000  horse -power  turbine ;  and  a  curve,  varying  as  the  cube 
of  the  speed  or  velocity  (V^),  connecting  percentages  of  speed  and 
percentages  of  power  (this  refers  to  scale  on  right-hand  of  figure). 

This  7000  horse-power  Westinghouse  Pittsburgh  turbine  had 

Steam  pressure 170  lbs. 

Superheat none. 

Vacuum    ...         27  inches  of  mercury. 

Lamit  of  VessePs  Speed. — Mr  Speekman  claimed  that  no 
vessel  except  torpedo  craft,  and  these  only  rarely,  can  steam  below 
33  per  cent,  of  their  full  speed,  because  steerage-way  cannot  be 
maintained,  and  very  few  can  steam  below  40  per  cent.  His  curves 
therefore  do  not  go  below  this  limit.  He  gave  the  mean  speed 
of  larger  vessels,  such  as  battleships  and  cruisers,  as  20  knots, 
and  showed  that  the  steam  consumption  of  the  7000  H.P. 
turbine  at  65  per  cent,  of  its  full  speed  (corresponding  to  13*5 
knots)  equalled  that  of  H.M.S.  Seagidl,  and  at  75  per  cent,  of 
its  full  speed  it  equalled  in  steam  consumption  per  H.P.H.  the 
engines  of  H.M.S.  HyacirUhy  and  H.M.S.  ArgonatU,  though  the 
two  last  named  consume  16  per  cent,  less  than  the  7000  horse- 
power turbine  at  65  per  cent,  of  full  speed. 

Above  75  per  cent,  of  full  speed  and  33  per  cent,  of  full  power 
the  7000  horse-power  turbine  is  distinctly  more  economical  than 
the  reciprocating  engines  of  the  vessels  named.  Mr  Speekman 
did  not  think  the  extra  consumption  at  low  speed  would  outweigh 
the  advantages  of  the  turbine  in  other  directions. 
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Qoing  aatem. — Sir  William  White  considers  too  much  im- 
portance had  been  placed  on  the  power  required  with  the  engises 
reversed,  as  it  was  not  possible  to  go  astern  at  very  high  s{>eed. 
In  the  case  of  the  Viper  a  speed  of  14  knots  was  made  going 
astern :  this  was  very  high,  and  as  the  vessel  was  not  then  under 
control,  a  less  proportion  of  power  would  have  been  sufficient  for 
the  backward  motion.^ 

The  Parsons  Marine  Steam  Turbine  Company  fit  separate 
high-pressure  turbines,  as  a  rule,  for  going  astern  on  the 
same  shafts  which  carry  low-pressure  turbines  for  forward 
propulsion. 

Professor  Rateau  patented  in  1898  a  "  go  astern  "  turbine  hidden 
inside  the  low-pressure  main  (i.e.  forward)  turbine  without  using 
additional  space.  This  system  was  adopted  in  the  French  torpedo 
boat  No.  243,  and  in  the  Libellule,  etc. 

Economical  Steam  Consumption  at  all  Speeds. —  To 
secure  economy  at  all  speeds  a  combination  of  reciprocating  engine 
exhausting  into  turbines  has  been  advocated  and  tried.  Professor 
Bateau  considers  the  division  of  power  between  the  reciprocating 
engine  and  the  turbine  should  be — 

Table  CXX.— Division  of  Power  between  Reciprocating  Engine  and 
Turbines  in  Vessels  adapted  for  Economical  Results  at  all 
Speeds. 

H.P.  Recfpro-  H.P.  of 


eating  Engine. 

1 

to 

Turbines. 
5 

1 

to 

1 

Not  less  than  .... 
And  can  well  be      .         .         . 

The  Parsons  Patents  367  (1897)  and  16551  (1900)  deal  with  the 
use  of  the  reciprocating  engine  for  the  expansion  of  steam  from  boiler 
pressure,  and  for  the  further  expansion  of  the  reciprocating  engine's 
*^ exhaust"  the  use  of  a  low-pressure  turbine.  The  economy  in 
fuel  per  horse-power  developed  by  the  adoption  of  this  so-called 
**  mongrel "  system  is  estimated  -  by  the  Hon.  C.  A.  Parsons  as  at 
least  15  per  cent. 

Professor  Bateau  supplied  two  Eateau  turbines  on  the  two  side 
shafts  to  Messrs  Yarrow  &  Co.  for  the  GaroUiie,  which  has 
a  250  B.H.P  reciprocating  engine  on  the  centre  shaft. 

The  First  Parsons  Marine  Steam  Turbine. — The  firstvessel 
fitted  with  a  steam  turbine  was  an  experimental  one,  and  it  was 
put  through  thirty -one  trials,  with  various  arrangements  of  turbines 

*  lii.-<titution  of  Naval  Architects,  discussion,  March  25th,  1904. 
«  The  Engiiieer,  January  8th,  1904,  p.  46. 
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and  propellers.  These  tests  were  described  by  the  Hon.  C.  A. 
Parsons,  M. A.,  F.E.  S.,  before  the  Institution  of  Naval  Architects, 
June  26th,  1903,  and  by  permission  the  following  details  and  re- 


FiG.  439.  -"  Tnrbinia  "  (the  First). 
( The  Institute  of  Engineers  ami  Shipbuilders  of  Scotland, ) 


suits  are  reproduced,  the  results  from  the  report  of  Professor  J.  A. 
Ewing,  F.E.S.,  in  his  series  of  tests  of  the  TwrUnia  in  1897,  and 
some  subsequent  tests  also  being  given. 


Name  of  Vessel 
Date  of  first  trial 
Name  of  Builder 
Place         „ 
VessePs  length 
„       beam 
„       draught 
„       displacement 
Boiler    . 

Heating  surface 

Grate  area 
Condensers'  surface 
Expansion  ratio     . 
Air  pumps 
Circulation    . 


Feed  pumps  . 
Oil  circulation 


Turhinia. 
Nov.  14,  1894. 

The  Parsons  Marine  Steam  Turbine  Co. 
Wallsend-on-Tyne. 
100  feet  (30'6  metres). 
9    „    (  2-7       „    ) 
3    „    (     -9       „     ) 
44^  tons. 

.     One   double-ended    water-tube 

type. 
.     1100  sq.  ft.  (102-2  sq.  m.). 
.     42  sq.  ft.  (3-9  sq.  m.). 
.     4200  sq.  ft.  (390  sq.  m.). 
.     150  fold. 

.     one  main  and  one  small  spare. 
.     by   reversible    scoops.      When 
scoops  not  available,  by  small 
pump, 
one  main  and  one  spare. 
.     to  shaft  bearings  and   thrusts 
from  one  pump. 
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Qtoing  astern. — In  the  three-shaft  arrangement  the  middle 
shaft  was  extended  forward  and  carried  a  "  go-astern  "  turbine  and 
a  fan  for  forced  draught. 

Weights  :— 

Boiler,  3  screws,  shafting,  tanks 18*35  tons. 

3  turbines 3-65     „ 

Hull  complete 15-         „ 

Water  and  coal 7*5       „ 

Total  displacement        .     44*5  tons. 
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Table  CXXL— Some  of  the  Tests  op  "Turbinia"  (the  First). 


Date  of  Test. 


Shafts  number    . 

IMameter 

InclinatioD  of  middle  . 
,,       side  shafts 
Propellers,  total  number  . 

Distance  apart 

Blades  each 

Diameter 

Pitch      .... 


Slip  middle  shaft 
,       Side  shafts    . 
Speed  attained,  knots 
Parsons      steam       turbines- 
I       number. 

,  Type  .... 

High-pressure  position 
I  KevoluUons 

I       Intermediate :  position 
Revolutions 
Low-pressure  position  . 
Revolutions 
I       Boiler  gauge  pressure  . 

Draught  „ 

I  Test  results  shown  in  Figures 


Nov.  14, 
1894. 


1st  Trial. 


2 
80  in. 
27  in. 

48-8% 


Ck>mpound 
Amidship 


8 

Sdlams. 


20in  ,  22in., 

22in. 

87-6% 


19i 


Compound 
Amidship 


1896. 


8 

2|in. 

linie 

linSi 

9 


18in. 
24in. 


Starboard 
2200 
Port 

Amidship 


1897. 


Prof. 
Ewing's 
Tests. 


17% 

26-6% 

32'78and34 


2000 

210  lbs. 

7in.  water 

440  to  445 


I 


1903. 


281n. 
28in. 


446  and 
447 
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Table  CXXII.— Results  of  Water  Consumption  Tests  by  Professor 
J.  A.  EwiNQ,  F.R.S.  (arranged  in  order  of  Speeds.) 


Absolute  Steam 

Date,  1897, 

Speed. 
Knots. 

Pressure  on  Admission 

Feed  Water  ^  Meter. 
Lbs.  per  Hour. 

April. 

to  H.P.  Turbine. 

Lbs.  per  sq.  in. 

14 

6-75 

8 

1,960  Siemens  Meter 

23 

6-74 

8 

1,930  Kent          „      * 

» 

9-39 

12 

2,760      „ 

10 

10-5 

15 

3,390  SiemenB     „ 

12 

12-37 

22 

5,180     „ 

14 

14-64 

38 

8,300      „             „ 

10 

[17-8] 

58 

11,600     „             „ 

29 

18-6 

... 

12,600                            « 

12 

22-8 

88 

17,900  Siemens  Meter 

21 

25-8' 

107 

20,660     „             „      ^ 

9 

26-2 

108 

21,900     „ 

21 

311 

150 

27,020     „             „      » 

1  Tests  by  Mr  Stanley  Dunkeley  on  behalf  of  Professor  Ewing. 
3  Supplementary  test  by  Mr  Gerald  Stoney. 


FroDi  the  curves  of  Figs.  440-1  Professor  Ewing  obtained  the 
relations  in  Table  CXXIII.  between  the  speed,  the  feed  water,  the 
propidsive  horse-power  (P.H.P.),  and  the  feed  water  per  (pro- 
pulflive)  H.P.H.  (the  numbers  in  brackets  having  been  obtained  by 
producing  the  curves).    These  he  plotted  in  Figs.  441-4,  pp.  639-41. 


Table  CXXIII. 

speed  in  knots. 

InTbfpSw.               Propulsive  H.F. 

10 

3,050 

34 

11 

3,800 

44 

12 

4,800 

60 

13 

6,000 

85 

14 

7,200 

118 

15 

8,400 

150 

16 

9,550 

184 

18 

11,900 

252 

20 

14,220 

325 

22 

16,550 

402 

24 

18,900 

490 

26 

21,150 

590 

28 

23,51X) 

704 

30 

25,850 

836 

31 
32 

27,000 
[28,200] 

[905 
[980] 

Feed  Water 
per  P.H.P.  Hour. 


89-8 
86-5 
80-0 
70-6 
61-0 
560 
51*9 
47-5 
43-9 
41-2 
38-5 
35-9 
33-4 
31-0 
29-8 
28-8 
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Professor  Swing's  comparison  of  these  results  with  those 
obtained  in  high-speed  boats  equipped  with  reciprocating  engines 
was  as  follows : — 

Tablb  CXXIV. — Steam  Consumption  of  "Turbinia"  compared  with 
Rbciprocating-Enqine  Vessel. 


At  Full  Power. 

Turbinia. 

14A  lb8.l 

29 

•5 

2100  I.H.P. 

50  approx. 

100 

Highspeed  Yeaaels 
in  general  with 
Recip.  Engines. 

Steam  per  I.H.P.  hour     .... 

„         P.H.P.  hour 
Propulsive  Coefficient  3    .... 

Full  Power 

I.H.P.  per  ton  of  displacement 
I.H.P.  per  ton  weight  of  machinery 

18  lbs. 

302 
•65  to  -6 

55 

1  29  X -6= 14-6. 

"^  1^  =  30  (using  coefficient  most  favourable  to  reciprocating  engine). 
*6 

3  Ratio  of  propulsive  horse-power  to  indicated  horse-power. 

Acceleration. — Professor  Ewing  started  the  Turbinia  from 
rest,  and  attained  a  speed  of  rotation  corresponding  to  28  knots 
in  20  seconds  after  the  signal  was  given  to  open  the  stop 
valve. 

(This  corresponds  to  47*3  feet  per  second  speed  attained,  i.e. 
2*36  feet  per  second  per  second  acceleration,  or  1*6  miles  per  hour 
per  second.) 

Table  CXXV.—"  Turbinia  " :  Approximate  Coal  Consumption, 
Apr.  23,  1897.i 

Coal Nixon's  navigation. 

Length  of  test 2  hrs.  29  mins. 

Total  coal  burned 648  lbs. 

Speed      .        .        ., 9-39  knots. 

Lbs.  of  coal  per  nautical  mile         ...  28 
From  Fig.  441. 

Feed  water  per  hour 294  lbs. 

Evaporation  per  lb.  of  coal     ....  10*5  lbs. 

1  Professor  J.  A.  Ewing's  report  stated,  '*  with  so  large  a  grate  It  is  difficult  to  avoid  consider- 
able error  in  estimating  the  state  of  the  fire,  and  much  reliance  cannot  be  placed  "  in  these 
figures. 

In  May  1903  trials  were  made  with  one  propeller  on  each  shaft 
instead  of  three  on  each  shaft.  A  series  of  runs  was  first  made 
with  her  earlier  set  of  nine  propellers,  when  it  was  found  that  the 
speed  and  steam  pressure  followed  exactly  the  same  curve  as  that 
obtained  by  Professor  Ewing  six  years  previously,  proving  that  no 
deterioration  had  taken  place  in  the  turbines,  the  vessel  having 
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undergone  many  trials,  and  having  been  to  the  Solent  and  back 
and  to  Paris  and  back  in  the  interval.  She  was  next  run  with 
three  propellers  of  28  in.  diameter  and  28  in.  pitch,  the  results 
being  shown  in  Figs.  446  and  447. 

The  single  propellers  show  the  greatest  advantage  at  about  21 
knots,  where  the'  gain  amounts  to  2  knots. 

Cavitation. — The  loss  of  eflSciency  which  had  been  observed 
at  certain  speeds  in  some  vessels  fitted  with  tandem  propellers  on 
each  shaft  seemed  to  be  due  to  interference  and  cavitation,  and  Figs. 
448-450  and  the  description  of  the  Hon.  C.  A.  Parsons'  experiments  ^ 
made  to  demonstrate  this  are  reproduced. 

The  extremely  high  speed,  so  far  as  marine  propulsion  is  con- 
cerned, at  which  it  is  necessary  for  steam  turbines  to  run  in  order 
to  be  eflScient,  introduces  some  modification  of  conditions  in  regard 
to  the  propellers.  Water  being  a  more  or  less  viscous  fluid,  it  is 
only  possible  for  it  to  flow  in  at  the  back  of  a  rotating  blade  of  a 
propeller  at  a  limited  speed.  If,  therefore,  a  very  high  number 
of  revolutions  be  adopted,  there  is  apt  to  be  a  cavity  at  the  back 
of  the  propeller;  this  naturally  detracts  largely  from  eflSciency. 
In  torpedo  vessels  propelled  by  ordinary  engines  the  limit  wm 
previously  very  nearly  reached,  if  not  passed,  and  Mr  Sydney  W. 
Barnaby,  of  Chiswick,  investigated  this  subject  in  connection  with 
the  Thorneycroft  torpedo-boat  destroyers.  Mr  Parsons  had  to 
deal  with  this  difficulty  in  a  magnified  degree,  and  in  order  to  get 
certain  data  on  the  subject. he  made  some  very  interesting  and 
ingenious  experiments.  Model  screws,  which  were  made  to  revolve 
with  great  rapidity,  were  placed  in  a  bath  of  water  brought  to  a 
temperature  just  short  of  boiling  point.  The  immersion  of  the 
screw  was  proportionate  to  that  of  an  actual  screw  working  a 
propeller.  The  ratio  of  depth  beneath  the  surface  of  the  water 
was  a  necessary  factor  in  the  experiment,  for  it  will  be  easily 
understood  that  the  extent  of  the  vacuum  is  influenced  by  the 
pressure  of  the  water  in  the  neighbourhood  of  the  place  where  the 
vacuum  is  to  be  formed,  and  that  pressure  is,  of  course,  governed 
by  the  head  of  water  above  the  spot.  A  close  resemblance  in 
these  respects  to  the  actual  working  conditions  of  the  screw  being 
thus  obtained,  Mr  Parsons  proceeded  to  actually  show  the  pheno- 
mena that  occurred  in  the  following  way. 

The  water  being  near  boiling  point,  the  reduction  in  pressure  at 
the  back  of  the  blades  led  to  the  formation  of  steam,  according  to 
the   well-known  law   that  the  boiling  point  occurs  at  a  lower 
*  By  courtesy  of  the  Parsons  Marine  Sleam  Turbine  Co.,  Ld. 
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Fios.  446  and  447.—**  Turbinia" :  Comparison  of  Two  Sets  of  Propellers. 
Tests  May  1903. 

Curve  A :  3  Propellers  on  each  of  3  Shafts. 
)f     B:  1  ,,  ,, 

„     0:  Percentage  Difference  in  P.H.P.  with  3  Propellers  (B)  compared 
with  9  Propellers  (A). 
For  same  quantity  of  Steam  per  Hour  the  Maximum  Increase  in  P.H.  P. 
is  23  per  cent 
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temperature  as  pressure  is  reduced.  Intermittent  illumination  of 
the  propeller  was  obtained  from  an  arc  lamp  by  means  of  an 
ordinary  lantern  with  condenser  and  mirrors.  In  this  way  the 
propeller  was  illuminated  in  a  definite  position  of  each  revolution, 
the  light  falling  on  one  point  only,  so  that  the  shape,  form,  and 
growth  of  the  cavities  could  be  clearly  traced,  the  propeller  appear- 
ing stationary ;  the  cavities  about  the  blades  could  also  be  observed 
in  the  same  way.  The  propeller  was  running  at  1500  revolutions 
per  minute,  and  the  exposure  was  ^^q  of  a  second  in  duration. 
In  Figs.  448-450  we  reprint  illustrations  of  these  cavitation 
experiments.  In  describing  them,  Mr  Parsons  stated  that  a  blister 
was  first  formed  a  little  behind  the  leading  edge,  and  near  the  tip 
of  the  blade;  then,  as  the  speed  of  revolution  was  increased,  it 
enlarged  in  all  directions,  until,  at  a  speed  corresponding  to  that 
of  the  Turhinia's  first  and  original  single  propeller,  it  had  grown 
so  as  to  cover  a  section  of  the  screw  disc,  of  90°.  When  the  speed 
was  still  further  increased,  the  screw  as  a  whole  revolved  in  a 
cylindrical  cavity,  from  one  end  of  which  the  blade  scraped  off 
layers  of  solid  water,  delivering  them  to  the  other.  In  this  extreme 
case  nearly  the  whole  energy  of  the  screw  was  expended  in 
maintaining  this  vacuous  space.  This  shows  that  when  the  cavity 
had  grown  to  be  a  little  larger  than  the  width  of  the  blade  the 
leading  edge  acted  like  a  wedge,  the  forward  side  of  the  edge  giving 
negative  thrust.  In  Fig.  448  the  high  speed  of  1500  revolutions 
of  propeller  per  minute  is  shown.  By  the  aid  of  these  experiments 
Mr  Parsons  was  able  to  determine  the  proper  dimensions  of  a 
propeller  and  the  corresponding  speed  of  revolution.  The  result 
has  been  that  the  total  efticiency  of  the  mechanism  has  been  greatly 
increased,  and  the  high  speeds  attained  experimentally  have  been 
reached  in  practice. 

The  speed  of  the  latest  largest  turbines  (for  Cunard  Company), 
it  will  be  noted,  was  limited  to  180  revolutions  per  minute. 

Stopping  the  "Turbinia"  from  Pull  Speed.— The  Hon. 
C.  A.  Parsons  stated,  March  19th,  1901,  in  reply  to  the  discussion 
on  his  paper  before  the  Institution  of  Engineers  and  Shipbuilders 
in  Scotland,  that  the  propulsive  power  of  the  Turhinia  was  one- 
ninth  of  her  weight  when  at  full  speed ;  and  when  the  steam  was 
shut  off,  that  retarding  force  alone  (if  it  were  continuously  and 
uniformly  maintained,  and  allowing  for  the  momentum  of  the  stream 
lines  of  the  vessel)  would  bring  her  to  rest  in  about  550  feet. 

Assuming  the  stem  turbines  were  put  into  operation  as  quickly 
as  possible,  he  thought  she  would  be  brought  to  rest  under  300  feet 
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Figs.  448,  449,  and  450. — Parsons'  Cavitation  Experiments. 
Fio.  448  (top).— 1600  Revolutions  per  Minute. 
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Service British  Admiralty. 

Type Third  Class  Cruisers. 


Turbine 
Cruiser. 

Reciprocating- Engine  Cruisers. 

yame  of  Vessel . 

"Amethyst." 

Topaze. 

Sapphire, 

IHufnond. 

Keellaid    .... 

Aug,  14, 190S 

Date  of  launch  . 

Nov.  i]  1903 

... 

... 

Date  of  trials     . 

Nov.  1904. 

Nov.  1904 

... 

Name  of  builder 

Armstrong, 

Camrmll, 

Palmers,     S. 

Caminell, 

Whitwortli 

Laird  <fc  Co. 

A  I.  Co. 

LaircL  A  Co. 

&Co. 

Place          .... 

Elswick 

Birkenhead 

Birkenhead 

Vessel's  lenffth  oyer  all       . 
Length        between       per- 

360ft. 

seofL 

S60/t."' 

360fl. 

.. . 

... 

pendicular 

Breadth  moulded 

39ft  lOiin. 

39  fL  10\  in. 

39ft.  10\in. 

30ft,  lOiin, 

Beam         .... 

40ft 

40  ft. 

40  ft. 

4OA 

Beam,     including     rolling 

•«• 

chocks 

Moulded  depth  (amidships) 

21ft  Sin. 

ei/t.  Sin. 

gift.  8vii. 

gift.  Sin. 

Depth,  upper  deck  to  keel . 

... 

... 

... 

Depth,  promenade  deck  to 

keel 
Draught— mean 

... 

... 

14ft.  6in. 

14ft  6vfi. 

lJ4ft.  6in, 

I^.  Gin, 

Armament 

12.4in.  Q.F. 

l$-4in,  Q.F. 

lg-4in.  Q.F. 

lg-4in.  Q.F, 

8-8  pounder 

8-3  pounder 

8-3  pounder 

8'3poufuLer 

Q.F.  guns 

Q.F.  guns         Q.F.  guns 

Q.F,  guns 

2  Maxims 

£  Maxinis         2  Maxivis 

g  MaximM 

2-18in.  torpedo 

2-18in.  torpedo 

g  18in.  torpedo 

g-lSin,  torpedo 

tubes  above 

tubes  above 

tubes  above 

tubes  above 

water 

water 

water 

waUr 

Displacement     . 

8009  tons 

3009 

3009  Urns 

3009  tons 

Protection,  conning  tower  . 

3in. 

Jin.                 1  3  in. 

3in. 

Protective        deck        over 

flat    lin., 

flat     lin.,        \flat    lin., 

flat    lin,. 

machinery  spaces 
Protective  decK  at  ends 

slopes  2in. 

slopes  2in.         slopes  gin. 

slopes  gin. 

flat    076iii., 

flat0'76in., 

flat  0'76in„ 

flat  0-76  in.      , 

slopes  lin. 

slopes  lin. 

slopes  lin. 

slopes  lin. 

Speed  (forward) 

gS '63  knots 

32-34  ^»^« 

... 

Speed  (astern)    . 

'.». 

Radius  of  action  at  20  knots, 

3160  "* 

SI4O 

1 

760  tons 

Normal  coal,  300  tons 

... 

1 

Average  running  speed 
;  Time  to  stop  from  mil  speed 

1 

7i  to  20  sees. 

... 

1      ahead 

1 

j  Horse-power 

9800 

9800 

Boilers  :- 

1 

Maker    .... 

Hawthorn, 

fMird  -  Nor-    Reed 

Laird-Nor-      \ 

Leslie,  &Co. 

mand           , 

inand 

Type      ...        . 

Modified  Yar- 
row water 
tube 

\cater  tube       ! 

Number  installed   . 

10  single  ended 

10  single  ended'  10  single  ended 

10  single  ended  ^ 

Tube  diameter 

liin.andliin. 

L^ain.      and  \  l^in.       and 

l^in,      and 

(2  rows) 

l^\in.                l^in. 

l^n. 

Rated  capacity  (lbs.    per 

hour) 
Heating  surface,  sq.  ft.  . 

... 

25,968 

1 
J6,000               26,010 

Grate  area      . 

493} 

... 

1 

Draught  pressure  (water) 

l-6in.tol-7in. 

l'7in.  to  g-6in.\ 
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Turbine 
Cruiser. 

"Amethyst." 

Reciprocating-Engine  Cruisers. 

Name  of  Vessel  . 

Topaze. 

Sapphire.      \     Diai)wnd. 

Drauglit     pressure    pro- 

enclosed steam  enclosed  steam 

enclosed  steam  \  enclosed  steam 

duced  by 

engine 

engiru 

engine          \      engine 

Steam  pressure 

... 

Funnels : — 

1 

Number. 

3 

Diameter 

... 

... 

Superheaters 

none 

Shafts:— 

1 

Niunber 

3 

2 

2 

Diameter 

Weight  .... 
Propellers  per  shaft    . 
Number  of  blades  each   . 

1 

1 

1 

3 

4 

S 

... 

Diameters  all. 

6ft.  Sin. 

Two 
Centre    sides 

... 

... 

Pitch  in  feet. 

6-56       676 

Area  sq.  ft.     . 

19-64     19-48 

Steam  turbine  :— 

Made  by 

Parsons  Mar- 
ine   Steam 

... 

Turbine  Co.  i 

Number 

1 
9            1 

Height  .... 

20ins.       less 
than  Topaze' 
reciprocat- 

... 

Total  Weight     . 

ing  engines, 
practically 
equal 

... 

... 

Cruising  Turbines :— - 
Number 

2  high,  2  in- 

... 

termediate.  ! 

Position. 

forward    end 
of  port  and 

starboard 

shafts. 

High-pressure,    diameter 

44in. 

of  drum 

Intermediate  -  pressure, 

44in.    special 

•  •. 

diameter  of  drum 

blades          ' 

Main    high-pressure    Tur- 

1                        i 

bine:— 

Number 

1 

Diameter  of  drum   . 

60in. 

Position. 

centre  shaft 

... 

Revolutions    . 

see  Table 
CXXVI. 

see  Table 
CXXVIII. 

Low-pressure  Turbine :—       \ 

1 

Number         ... 

2 

Position. 

port  and  star- 
board shafts 

Diameter  of  drum  . 

60in.,    drum 
longer  and 

... 

different 

1 

blades                                   1 

Go-astern  Turbines  :— 

Number 

2 

Position. 

port  and  star- 
board shafts 

ReTolutious    . 

1 
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Course  of  SteaxQ  when  Cruising  up  to  14  knots. 

Steam  enters  high-pressure  cruising  turbine. 
Thence  intermediate  cruising  turbine. 
„       main  high-press,  turbine. 
„      main  low-press,  turbine. 
„       condenser. 

At  18  and  20  knots  the  steam  first  enters  the  intermediate 
cruising  turbine,  the  high-pressure  cruising  turbine  being  out  of 
service. 

At  full  speed  the  cruising  turbines  are  both  out  of  service. 

For  Comparison. — Reciprocating  Engines  in  other  Vessels. 


Turbine 
Cruiser. 

Reciprocating-Engine  Cruisers.              1 

.Vaww  of  Vessel . 

"Amethyst." 

Topaze. 

Sapphire. 

1 

Diamond.      \ 

Piston  Engines :  — 

1 

Maker    .... 

.  ■ . 

Palmers,     S. 

Cammell,        \  Cammell,         1 

A  I.  Co.       I  Laird  A  Co.,     Laird  A  Co.,   \ 

Birkenhead.       Birkenhead. , 

Type      .... 
Number 

:::     '     ::: 

Cylinders,  diameters 

24iin,\' S8}iin. 

1 

in. 

Revolutions  per  minute, 

360 

•• 

full  speed 

Stroke    .... 

^4in. 

Rated  power,  condensing 

... 

Rated    power,    non -con- 

... 

1 

densing 

1 

Comparative  Steam  Con- 

See Tables 

... 

sumption. 

CXXVLand 
CXXVH. 

Libs,  per  hour  of  steam  at 

70  per  cent 

100  per  cent. 

20  knots 

Lbs.  per  hour  of  steam  at 
18  knots 

80  per  cent. 

100  per  ceid. 

1 

Lbs.   per  hour  of  steam  at 

approx.     100 

100  per  ce7U. 

... 

14  knots 

per  cent. 

1 

Lbs.  per  hour  of  steam  at 
10  knots 

123  per  cent. 

100 per  cent.               ...            1            ...             i 

1 

Exhaust  ^       steam       from 

auziliary      engines      on 
''Amethyst"  passed  to. 

condenser 

I. p.  receiver 

Coal  burned  per  hour,  full 

See  Table      . 

100  per  cent. 

1 

speed 

90  per  cent. 

1 

Condenser  :— 

1 

Made  by 

».» 

. .. 

Type      ...         . 

Main       con- 
densers but 
no     "  aug- 
menters  " 

• 

Number 

... 

... 

... 

... 

Sur£aoe  .... 

... 

1  This  gives  the  reciprocating  engines  an  advantage. 
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Turbine 
Cruiser. 

Reciprocatiug-Engine  Cruisers. 

Name  of  Vessel . 

»'AmethyHt." 

Topwze, 

Sapphire.      |    Diamond, 

Air  pump: — 

Maker    .... 

Weir 

1 

Type      .... 

off  main  en- 

1 

Vacuum    maintained    at 

gines 

full  speed 

Temperature  of  discharge 

at  full  speed                    j 

Steam  per  hour  used  at 

... 

full  speed 

Air  pamp  barrel  diameter 

and  stroke 

Steam  cylinder— diameter             ...           | 

1 

Strokes  per  minute . 

... 

Circulatinc  pump : — 

Made  by         .        . 

... 

Type       .... 

... 

Steam  per  hour  at  full 

... 

... 

speed 

i 

Weight     of    circulating 

1 

water  per  unit  weight 

I 

of  steam 

' 

Temperature  suction 

...                      ... 

Temperature  discharge    . 

... 

... 

Electric-lighting  engine     . 

Two  recipro- 

Two  recipro- 

T%vo  recipro-  \  Two   recipro- 

cating   en- 

cating   en- 

cating   en- 

eating  en- 

gines 

gines 

gines 

gines 

Maker    .... 

... 

Type      .         .        .        .  '  Forced  lubri- 

cation         1 

K.  W.  capacity  each        .     360  amps.  1  f>0  | 

... 

volts 

Position 

Illustration  of  vessel  .        .     Fig.  451 

Feedpumps: —                      1 
Made  by 

Type      . 

Number                           .1  main,  2  aux- 

;;;        ,        ;;; 

1      iliary 

Water  cylinder,  diameter 

... 

... 

stroke 

Steam  cylinder,  diameter 

... 

... 

Capacity  per  hour 

Steamtonsumed  per  hour 

Oil  circulation   . 

2  Weir  pumps 

Steam  consumed  per  hour 

.. . 

Weights  of  machinery 

585  tons 

SS7  tons 

Assuming  I.H.P.  of  Tur-  i  14,000 

bines 
At  speed  knots       .         .  !  23-63 
I.H.F.      per      ton      of    26 

... 

18-3  '" 

machinery 

; 

Costs 

... 

1 

TestJtesuUs 

See  Table 
CXXVI. 
from  £n- 
gineering. 

See  curves. 

Figs.  463-6 

' 
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8-7    o 

26-5  Cs' 

94-2  K^ 

22.  ^ 

18-8  k^ 

"■•  I 

a, 

16-4  g 
18-2  I 
IID    S 

I 


10  l«  U  U  lA 

KnoU. 
Fio.  455. 


Figs.  452  to  455. — Steam  and  Goal  Oonsumption  of  British  Cruisers  : 
Turbines  vermis  Reciprocating  Engines. 


Fall  heavy  line— Amethyst. 
Full  light  line~Topa«0. 

{Turbinia  DeiUsche  Parsons  Marine  A.O,) 


Dotted  line — Sapphire, 

Broken  and  dotted  line—  Diavwnd. 
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Tablb  OXX VI II.— Comparison  of  Total  St«am  Consumption. 


'  "Amethyst." 


24  Hounf  Trial  at  10  Knots.  • 

I.H.P.  (Indicated  horse- 
power) 

Speed  in  knots  . 

Total  water  per  hour  in  lbs. 

Water  for  auxiliary  —  fbs. 
per  hour 

Water  for  auxiliary— per 
cent,  of  total 

Water  per  I.  H.  P.  hour 

\  24  Hours*  Trial  at  14  Knots. 

I.H.P 

Speed  in  knots  . 

Total  water  per  hour  in  lbs. 

Water  for  auxiliaries — lbs. 

per  hour 
Water   for  auxiliaries — per 

cent  of  total 
Water  per  I.H.P.  hour 

30  ffaursi'  Trial  at  18  Knots. 

I.H.P 

Speed  in  knots  . 

Total  water  per  hour  in  lbs. 

Water  per  I.  H.  P.  hour       .  | 

8  ffaurs'  Trial  at  20  Knots. 

I.H.P 

Speed  in  knots  . 

Total  water  per  hour  in  lbs. 

Water  per  I.  H.  P.  hour       . 


897* 

10 
26,260 


29-3  lbs. 


2,250^ 
14-06 
44,090 


19-6  lbs. 


4,7701 

18-186 

76,498 

16 


7,280  > 

20-6 

100,606 

13-8  lbs. 


897 

10-05 
21^4 
4,538 

21  per  cent. 

XS'74  lbs. 

2,251 
14,08 
42,260 
5,672 

IS  per  cent. 

18-77  lbs. 


4J76 
18-069 
90,500 
18-95 


6,689 

20-063 

134,248 

20-07  lbs. 


**  Amethyst." 


I 
4  H<mrs*  Tried  at  Full  Power. 

I.H.P I    18,000*    j    14,000* 

Speed— knots        .         .         .  I      28*06  23-63 

Total  water  per  hour  .   il  76,845  lbs.  190,525lbs. 

Water  per  I.H.P.  hour.         .  |   13-6  lbs.   i   13*6  lbs. 


I     Sapphire.     I     JHanumd. 


5,012 

18-47 

99,200 

19-8 


7,281 

20-68 

144,160 

19-8  lbs. 


Topaze. 


5,074 

18 
96,410 

19 


7a4S 

20 

137,930 

19-31  lbs. 


Sapphire. 


9,573      1      9,868  10,200 

21-826     ,     22-103  22  34 

?09,950lbs.il99,140lbs.  226,440lhs. 

21-93  lbs.  '  20-18  lbs.      22-2  lbs 


1  The  Indicated  Horse-power  of  the  Steam  Turbine  Vessel  is  equal  to  that  of  the  duplieaU  vessels. 

It  is  clear  from  Figs.  452-5  that  the  turbines  of  the  Amethyst 
are  more  economical  than  the  reciprocating  engines  of  the  duplicate 
cruisers  for  speeds  above  15  knots,  and  less  economical  below 
15  knots. 

Warships  steam  at  cruising  speed  for  90  per  cent,  to  95  per 
cent,  of  the  time  they  are  in  service. 
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Table  CXXIX. — Compabisons  of  Coal  (jonsxtxed  by  Duplicate  GRxrifiBBs— 
Turbines  versus  Recipbocatino  Enqines. 


Type  of  Engines. 


Turbines. 


I  "Amethyst." 


I- 


I 


24  H(niri^  Trial  at  10  Knots. 

Indicated  hoTBe- power        .  , 

Total  coal  burnt 
I  Total  burnt  per  hour . 
I  Total  burnt  per  hour  per 

I  E^d^ration  per  pound  of 
I      coal 
Miles  nin  per  ton  of  coal    . 

I       24  ffovrs  at  14  Knots,       j 
Indicated  horse-power        .  { 
Total  burnt 
1  Total  burnt  per  hour  . 
Total  burnt  per  I.H.P.  per 

hour 
Evaporation  per  pound  of 

coal 
Miles  run  per  ton  of  coal    . 

80  Hours  at  18  Knots. 
Indicated  horse-power        .  | 
Total  ooal  burnt 

„  „     per  hour 

I.H.P.    .... 
Evaporation  per  pound  of 

coal 
Miles  run  per  ton  of  ooal    . 

8  ffimrs  at  20  Knots, 
Indicated  horse-power 
Total  burnt 

„    per  hour    . 

n  »»  II  P*^ 

LH.P. 
Evaporation  per  pound  of 

coal 
Miles  run  per  ton  of  coal    . 

4  ffours  at  Full  Poicsr, 
Indicated  horse-power 

Total  coal  burnt— tons 

,,      ,,    per  hour— lbs.   . 

II      i»    ..    II  P®^  I 

I.H.P.— lbs.  .  .        .  1 

Evaporation  per  pound  of  | 

ooal — lbs.       .  .        .  I 

I  Miles  run  per  ton  of  coal    . 


897^ 
31  tons 
2893  lbs. 
3-22    „ 

»-l       ,, 
7-42 

2260 1 

50*68  tons 

4725  lbs. 

2-1     „ 

9-85     „ 

6-6 

4770^ 

112  13  tons 

8372  lbs. 

176    „ 

S15    „ 

4-8 


7280 1 

89*06  tons 

10,987  lbs. 

1-5       „ 

9-7       „ 

4-22 


Beciprocaiiiig, 


Topaze. 

Sapphire, 

Diamond, 

897 

24'6  tons 
2296  lbs. 

... 

S'56    „ 

... 

9-3    „ 

... 

9-7S 

... 

... 

2261 

49-7  tons 
4640  lbs. 
206     „ 

... 

9-13    „ 

6-8 

... 

4776 
146  U»is 
10,900  lbs. 
2-28    „ 

6012 

U7  tons 

11,720  lbs. 

2-338    „ 

6074 

164-S  tons 

11,620  lbs. 

2-27    „ 

8-3 
3\ 


6689 

66'2  tons 

16,451  lbs, 

2-31    „ 

8-7    „ 

2-9 


9673  \ 
9868  f 
496] 
46-6  i 
27,700] 
26,130] 
2-89] 
2-65  \ 
7-56  ] 
7-96  \ 
1-76  \ 
1-9  ] 


8'45 
3-53 


7281 
67-66  tons 
16  142  lbs, 
2-217    „ 

8-94    „ 
2-86 


10,200 
46-87 

25,688 
2-62 
8-76 
1-96 


836 
3-6 


7146 
59-1  tons 
10,670  lbs, 
S'S2    „ 


8-34 
2 '7 


1  The  power  in  the  case  of  the  Amethyst  \b,  of  courBe,  awumed 
all  cases. 


the  form  of  the  ship  Is  identical  in 
42 
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Tablb  OXXX.—C0MPARATIVB  Steam  Consumption  from  the  Full  Link 
Curves  of  Fig.  454,  stated  in  Percentages,  are— 

At  10  knots  Topaze  uses  19  per  cent,  less  than  Amethyst, 

15  „  „        same  as  Amethyst. 

16  knots  Amethyst  uses  6  per  cent  less  than  Topaze, 

1"        >j  »>  *'       »  »» 

20  „  „  21       „  „ 

21  t.  ,,  33       ,,  „ 


Table  CXXXI.— Comparison  of  Total  Steam  of  "Amethyst"  and 
Main  Engines  Steam  of  "Topaze." 

Lbs.  per  LH.P.  Hour. 


Mechanical                   "  Amethyit " 
Committee  Trials.             AuxiUaries. 

"  Topaze'*  Main  RBeipro- 

eating  Engines,  exotud- 

ing  Avaiaiariet. 

Main  oonsidentlon. 

Economy  in  Steam.       SpeecUor^Minimum 

Speed/or  Minimum 
Weight. 

14  knots 
18     „ 
20    „ 

13-35 

16 
13-8 

16-25 
15-45 
16-91 

Table  CXXXII. — Slip  of  "Amethyst's"  Pbopkllers  at  Diffebbnt 
Spbkds  (Mean  of  Three  Pbofellxbs). 

lOknote 

14     „ 

18     „ 

20 

23*06  very  heavy  weather    . 
23*63  smooth  sea . 


11*3] 

percent. 

13-6 

II 

13-6 

i» 

14*4 

»> 

18-4 

)i 

17*1 

fi 

Table  CXXXIII. — Radius  of  Action  of  ''Amethyst''  compared  with 
Topaze,    Goal  ca/pacity  750  tons  each  vessel 


Type  of  Engine. 

"Amethyat" 
Parsons  Turbines. 

"Topau." 

Speed  knots 

Radius  N.M. 

Advantage. 

Radius  N.M. 

Advantage 

10 

5570 

negative 

7300 

31  percent. 

14 

4950 

V 

5100 

3  per  cent. 

18 

3600 

30  per  cent. 

2770 

negative 

20 

3160 

47        „ 

2140 

n 

22 

... 

... 

1420 

n 

23-63 

1620 

7-4  per  cent,  speed 

14         „      radius 
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oermce 
Type  . 

. 

.     Torpedo  Boat  Destroyers. 

30  KnoU 

Nam48  of  Vessels     . 

"Viper."! 

'•Cobra.  "2 

"Velox." 
1902,     Tur- 

"Bden." 

Beciprocating 
Engine. 

Built  in  year   . 

1898 

1899 

1903 

bine     and 

reciprocal- 

'  Date  of  launch 

tng. 

Mar.  14/08 

Name  of  builder               .  .  Hawthorn, 

Armstrong, 

Hawthorn, 

Hawthorn, 

Leslie      k 

Whitworth 

Leslie      k 

Leslie      k 

Co. 

k  Co.,  Ltd. 

Co. 

Co. 

Place  .... 

... 

... 

... 

Yessers  length  orerall 

210ft!  * 

228ift.* 

210ft' * 

220ft 

210ft. 

Beam  .... 

21ft. 

20ift. 

21ft 

284ft. 

Uft, 

Moulded  Depth 

12ift. 

184ft. 

12ift 

14ift 

Draught 

6fft 

71ft. 

7ift 

8Jft 

... 

Displacement  . 

870  tons 

480  tons 

440  tons 

666  tons 

310  tons 

Speed  forward 

37-1  knots 

34-6  knots 

83-12  knots 

26*3  knots 

30  knots 

Speed  astern    . 

15-5  knots 

... 

... 

... 

... 

Radius  of  action  at  . 

knots 

... 

... 

Average  running  speed 

... 

27-1  knots 

... 

Horse-power    . 

12,300 

9000  3 

7600 

6000/6600 

I.H.P.  per  ton  weight  of 
machineiy,      including 

70 

... 

... 

... 

66 

boiler  in  working  order 

BoUers— 

... 

... 

... 

^er!        !                ! 

Yarrow 

Yarrow 

Yarrow 

Yarrow 

Hawthorn, 

Hawthorn, 

... 

Hawthorn,    1 

Leslie  & 

Leslie      k 

Leslie      k 

Co. 

Co. 

Co. 

Number  installed 

... 

... 

... 

Rated  capacity  (lbs.  per 

hour)         w 
Heating   surface,    total 
Grate  area    . 

... 

... 

... 

... 

15,00080.  ft. 
272  sq.  ft. 

16,000  aq.  ft 
272  sq.  ft 

... 

... 

Draught  pressure  (water) 

4iin. 

3'lin.'" 

... 

Steam  pressure  (lbs.  per 

240 

240 

200 

260 

so.  in.) 
Funnels  number               .    3 

3 

Diameter     . 

... 

Superheaters,  none  . 

... 

Shafts  number . 

4 

4 

4        "*             8 

Diameter 

... 

... 

Weight 
Propellers,  toUl 

... 

... 

8 

8 

4 

6 

later  12 

Number  of  blades  each . 

... 

... 

... 

Diameter 

40in. 

... 

48in. 

39in. 

... 

Made  by      . 

Parsons 

Parsons 

Parsons 

Parsons 

... 

Type   .... 

... 

similar   size 
and  power 
to  Viper's 

also  recipro- 
cating   in 
same  ve^el 

Cruising  Turbines    . 

,,, 

... 

2    on    each 

side  shaft 

Number 

... 

Position 

...          1 

... 

^  Lost  off  Channel  Islands.    She  ran  on  a  rock  in  a  fog. 

a  Lost  on  her  Toyage  from  the  Tyne. 

s  From  Turbinia,  ItontBohe  Panons  Ifiarlne  AG.  No.  50.    Table  CXXXIV.  shows  12,800 1.H.F.  max. 
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Barnes  of  Vessels 


High-pressure  Turbines   . 

Number 

Position 

Revolutions  per  minute 
Low-pressure  Turbines     . 

Number 

Position 

I      Revolutions  yyer  minute 
'  Go-astern  Turbines  . 
Number 
Position 
Revolutions  per  minute 

Rated    horse- power    con- 
densing 

Rated    horse-jwwer    non- 
condensing 

Piston  engines  I.H.P.  each 
Maker. 
Type    ...        . 

Number 

Oylindero'  diameters 

Revolutions  per  minute 
full  speed 

Connected  to  l.p.  Tur- 
bine shaft  by 


'Viper." 


'  Cobra." 


outer  shafts. 
1180 


inner  shafts 
1180 


outer  shafts 
1050 

I  2 
inner  shafts 

I 

1050 


inner  shafts 
13.000 


inner  shafts 


Stroke.        .        .        .1 
Rated  power   condens-  \ 
ing  \ 

Rated   power    non -con- 
densing 
Steam  consumed       .        .  | 
Weight  of  steam  per  hour  j 
full  speed  ' 

Coal    burned   per    I.H.P.  ,  31 


hour  at  speed 


Coal    burned    total 
hour 


knots, 


2*381bs. 


per 


Condenser: — 
Made  by       . 
Type    .        .        .        . ' 
Number  .         .  | 

Surface,  sq.  ft.      .       ' .  ! 
Surface    of   augmentcr ' 
Illustrations  of  vessel 
Guaranteed  Speed  knots 
From  preliminary  experi- 
ments 
Steam  per  I.H.P.  hour 
Propulsive  coeflScient,  i.e. 
ratio      of      propulsive 
H.P.  to  I.H.P. 


8000 
none 
Fig. 
31 


456 


15ilb8. 
55  per  cent. 


8000 


'•Velox.' 


*Bden." 


2 

840 

2 


1 

centre 

940 


I 


SO  Knois 

ReciprocaUng 

Engines. 


each       side  ' 
shaft 


2 

outer  shafts 


150 

triple       ex- 
pansion 
2 

7i  11,  16in. 
490 

Det^hable 
claw  coup- 
ling 

9ins. 

150 


31       knots, 

2-3  lbs. 

27    knots, 

2-5  lbs. 
27*1    knots,  I 

7-35  tons 

lU  knots, 

8'6f?r/.  per  ; 

hour. 


26-2     knots 
7*45  tons 

I 


See  Table 
CXXXVL, 
p.  663.         I 


Fig  457 


|25i 


i/,Starboard  tnrbinM  were  independent  of  Port  turbines  in  "  Viper  "  and  in  "  Cobra." 
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Table  CXXXIV.— H.M. 

Mean  speed  I  hour  at  full  power 
Fastest  pair  of  runs,  mean    . 
Mean  revolutions  per  minute 
Forced  draught  (water  gauge) 
Fastest  run  .... 
„  represented 


S.  "Vblox"  Trials. 

.  36-58  knots 

.  36-87      „ 

.  1180 

.  4^  inches 

.  37113 

.  12,300 1.H.P. 


Fio.  456.-H.M.S.  "Viper." 
{^The  Inst,  of  Engra.  ami  Shipbuilders  of  Scotland.) 

Table  CXXXV.— H.M.S.  *'  Vklox."  i 

Takiwj-ovtr  Trials  on  River  Tyne. 

Full  power,  mean  ^peed       .         .         .  2707  knots. 

Coal  consumed     .  9*82  tons  per  hour.^ 

Steam  pressure 200  lbs.  per  sq.  in. 

Boilers  in  use 4 

R.P.M.  of  turbines       ....  840 

Vacuimi 27  inches  of  mercury. 

Coal  Uomumption.  Trial  of  Reciprocating  Engine, 


Duration  of  trial 

Speed  . 

Coal  consumed 

Steam  pressure    . 

R.P.M.  of  engines 

Vacuum 


12  hours. 
.     11-26  knots. 

8*o8  cwts.  per  hour. 

212  lbs.  per  sq.  in. 
.     361-4. 

28'26  inches  of  meicury. 

1  The  Engineer,  p.  241,  March  6,  l»f)3. 

3  The  Engineer,  p.  39,  July  8,  1904,  gave  7*35  tons  per  hour  at  27*1  knots. 

Recent  Torpedo-Boat  Destroyers.^ — For  comparisons,  we 
give  below  a  return  made  to  an  "  order  of  the  Honourable  the 

*  The  Engineer f  supplemented  by  data  on  coal,  by  courtesy  of  the  builders 
of  destroyers  built  and  launched  between  January  Ist,  1902,  and  July  1904. 
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House  of  Commons."  With  the  exception  of  the  Velox  all  the 
vessels  are  of  the  new  heavy  type.  The  Erne,  for  example, 
displaces  560  tons  and  the  Teviot  580  tons.  The  Velox  is  some- 
thing between  the  old  and  the  new  type,  displacing  400  tons,  and 
is  thus  at  least  100  tons  lighter  than  any  of  the  others,  the  nearest 
to  her  being  the  other  turbine  boat,  the  Eden,  which  weighs  500 
tons.  A  point  of  much  interest  is  the  steam  consumption  by  the 
turbine  vessels.  Their  engines  cannot,  of  course,  be  indicated,  and 
therefore  the  total  coal  consumption  has  to  be  taken ;  but  assuming 
that  they  developed  about  7000  horse-power  at  full  speed,  the 
consumption  works  out  at  between  2*35  lb.  and  2*38  lb.  per  horse- 
power, or  just  comfortably  within  the  basis  consumption  according 
to  the  Admiralty  specification,  viz.,  2^  lb.  This  compares  fairly 
with  many  of  the  results,  but  is  well  beaten  by  the  four  Yarrow 
boats,  and,  to  make  the  comparison  stronger,  by  the  DerwerU  and 
Waveney,  made  by  the  builders  of  the  turbine  boats.  All  the 
trials  are  at  full  speed  when  the  engines  are  working  at  their  best. 


Tablb  OXXXYI. — Coal  Consumption  and  Spebd  of  Torpsdo-Boat 
Destrotebs.    Rbciprooating  wrjnM  Tdrbinb  Engines. 


Names 
of  Destroyers. 


Velox  (Turbine) 

Bme. 

Denceni    . 

Foyle 

EUriek 

Eden  (Turbine). 

Waveney  . 

Itehm 

Exe  , 

Arv/n 

Chenoell   . 

U8k  , 

BlaekvxUer 

Dee  . 

Teviot 

Keniiet 

Jed   .        , 

RibbU 

WeUamd    . 


By  whom  built. 


Hawthorn  Leslie 
I  Falmer's  Co, 
I  ffawthom  Leslie 
'  Laird  Bros, 
I  Palmer^  s  Co, 
'  Hawthorn  Leslie 

Havjthom  Leslie 

Laird  Bros, 
I  Palmes  Co, 
I  Laird  Bros. 
I  Palmer's  Co, 

Tarrow  A  Co. 

Laird  Bros, 

Palmer's  Co, 
\   Yarrow  A  Co, 

ThamycrofVs 

ThomycTofls 

Yarrow  A  Co. 

Yarrow  A  Co. 


271 

26-6 

u-e 

26-6 
26*2 

£6-6 
fSS'G 
£S'6 
96-7 
25-6 
26 '1 
26-7 
25-5 
2S'9 


25-8 
26-2 


Consumption  of  Coal 
on  the  ni^h-speed 
consumption  trials. 


Per  Hour. 
Total. 


7-86  tons 
7-45'ion8 

6-2  tons 
7-8  tons 


5*4  tons 
5-75  tons 


Per  Horse- 
power Hour. 
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Service 


{Isle  of  Man  Steam  Packet 
Co. 


G.W.  Ry.  Co.,  and 
G.S.  Ry.  (IrelandX 


Name  of  Vessel 


"Viking. 

n 

"St  George."  1 

March  7,  1905 

January  18,  1906 

Armstrong,  W. 

Co. 

J.  Brown  k  Co. 
Laird  k  Co. 

Walker 

S61ft. 

360ft. 

42ft, 

40ft. 

I7ift 

2000 

24 

28 

Wallsend  Slipway 

150  lbs.  persq. 

in. 

160  lbs. 

Parsons 

Parsons'     Turbines, 

1990  tons 

2800     tons,     430 

19608 

R.p.m. 

8 

8 

1  centra  shaft 

2 

... 

Date  of  launch 
Name  of  builder    . 

Place    .... 
Vessel's  length  overall  . 
Beam    .... 
Depth,  upper  deck  to  keel 
Passenger  accommodation 
Speed    .... 
Boilers  .... 
Pressure 
Turbines 
Displacement 
Passengers  accommodated 
Shafts  .... 
High-pressure  Turbines :  number 
Low-pressure  Turbines :  number 


1  The  "St  George/'  "St  Patrick,"  and  "St  Dayld"  will  run  between  Fiahguard,  North 
Pembrokeihire,  and  Roaslare,  Co.  Wexford.  The  journey  is  54  nautical  miles  (62  statute  miles). 
Time,  2}  hours. 

9  Season's  work :  8880  nautical  miles  on  4210  tons  of  coal,  0  47  ton  per  N.M.;  average  speed, 
22-4  knots.  Economy  over  "  Reciprocating  "  vessel  on  same  route,  28  per  cent.,  and  one  engineer, 
two  greasers,  and  one  fanman  less  staff. 


[  Turbine  Steamers,  Ltd., 

Service -I  Captain  John  Williamson,  Managing 

\     Director. 

«,^  r  River  Clyde  Passenger  Service, 
\      Greenock  and  Campbeltown. 


Lame  and  Stran- 
raer Steamship 
Joint  Conunittee. 


Nanie  of  Vessel 


Built  in  year  . 
Date  of  launch 
Date  of  trial  . 
Name  of  builder 

Place       .... 
Vessel's  length  overall 
Vessel's    length   between 

perpendicular 
Beam      .... 
Moulded  depth  to    main 

deck 
Depth  to  promenade  deck 
Draught .... 
Rudders  .... 


Turbine  Vessels. 


ReciproccUing  Engine      !     Turbine 
Strainer  for  comparison,     \      Vessel. 


''King 
Edward." 


1901 

May  16,1901 
June  26,1901 
W.  Denny* 

Bros. 
Dumbarton 
260ift. 
250ft. 


"  Queen 
Alexandra.' 


1902 

April  8, 1902| 

W.  Deimy  & 

Bros. 
Dumbarton 
270ft. 


Triple  Ex- 
pansion 
Estimate. 


30ft 
104ft 

I7ift. 
6ft. 


I 


,  32ft. 


I  ISfft. 
6ift. 


Messrs 
Denny 


in 


Dxuhess  of 
HamiUmi. 


260in, 


SOfl. 
lOifi, 


efu 


'PrincesB 
Maud.'* 


Feb.  20, 1904 

Denny 
Dumbarton 

300  ft!' 

40  ft. 

I 

24ft.  6in. 
10ft  6in. 
Both  forward 
and  aft 
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Turbine  Vessels.           1      Seeiprtn^ing  Sngine 

1    Steamer  for 

companaon. 

Na..ofVe^l      .        .      ,^^,,    \^^Z,, 

1                                             1 

Triple  Ex- 
pansion' 
Estimate. 

Duehessof 
HamilUm. 

"Princew 
Maud." 

Passenger  accommodation 
for 
Number  of  crew   . 

1994 

1780 

... 

50 

4S 

Ist  class 

... 

2nd  class 

■ .. 

8rd  class      ... 

... 

Displacement  .                 .    700  ... 

... 

... 

1900 

Registered  tonnage  . 

562 

... 

... 

Speed  forward . 

20-48  knote 

21  '63  knots 

19-7  knoU 

IShnoits 

20*66  knots 

Speed  astern    . 

Length  of  journey    . 

1 

... 

Average  running  speed 

1 

Horse-power,  from  Messrs 

3500               i  4400 

asoo" 

6000 '" 

Denny's    tank    experi- 

1 

ments 

Boilers:— 

1 

Maker. 

Denny  &  Co. 

8  furnaces 

Denny  &  Co.  : 

Type    ...        . 

Return  tube 
double- 
ended. 

Large  double- 
ended 

... 

Number  installed 

1 

1      slightly 
larger  than 
"King 
Edward." 

Rated  capacity  (lbs.  per 

... 

hour) 

Heating  surface,  total  . 

... 

... 

Grate  area    . 

1          ...          ' 

... 

Draught  pressure  (water) 

.l-lins. 

... 

Steam  pressure     . 

150  lbs.  per    150  lbs   per 
sq.  in.        1      sq.  in. 

150  lbs. 

Feed-h^ter  receives  steam 

Auxiliaries,    i 

... 

exhaust  from 

I                       I 

Funnels:— 

' 

Number 

•2                      1  2 

... 

Diameter     . 

' 

... 

Superheaters   . 

None. 

None.             1 

... 

Shafts:- 

1 

Number 

3 

3                     ' 

... 

8 

Diameter 

■*• 

...                      ••• 

... 

Weight 
Propellers  :— 
Total  number 

... 

... 

5 

5 

8 

Per  shaft 

Centre  Each 

shaft,    side. 

1          2 

Tandem  side  ^; 
propellers,  j 

... 

Number  of  blades  each  . 

... 

One.    Four,  i 

Diameter 

57ins.  40ius. 

48ins.   36ins.l 

60  ins. 

Distance  apart 

...        9ft. 

1 

... 

... 

Rudders 

...          1          ... 

at  both  ends 

1  <'  Qneea  Alexandra's  "  propellers  changed  1908  to  cue  each  shaft. 
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Turbine  Vessels 


Ndine  of  Vessel 


Steam  Turbine : — 

Made  by 

Number 
Steam  steering  gear  by 


High-pressureTurbines  :— 

Number 

Position 

Revolutions  per  minute 

Expansion  . 
Low  pressure  Turbines : — 

Number 

Position 

Revolutions  per  minute 

Expansion  . 
Total  expansion 
Go-astern  Turbines  :— 

Number 

Position 


Revolutions  per  minute 
Rated  H. -p.  condensing  . 
Rated    horse-power   non- 

condensing 
For  comparison :  Recipro- 
cating    Engines     in 
other  vessels 
Piston  Engines : — 
Maker. 


Numb 


_.  umber 

Cylinders  diameters 

Revolutions  per  minute 
full  speed 

Stroke. 

Rated  power  condensing 

Rated   power  non-con- 
densing 
Steam  consumed 
Weirfit     of     steam     per 

LH.P.  hour  full  speed 
Coal  burned  per  hour  full 

speed 
Mam  Condensers  :— 

Made  by 


Numl 


Jiumber 
Surface 
Surface    of    augmenter 

(if  any) 
Power    used    by    aug- 
menter 


•*King 

*' Queen 

Edward." 

Alexandra." 

Parsons 

Parsons 

3 

8 

Bow, 

M'Lachlan 

&Co., 

Paisley 

1 

1 

Centre  shaft 

Centre  shaft 

600 

760 

Five-fold 

2 

2 

Each      side 

Each      side 

shaft 

shaft 

760 

1100 

26-fold 

125-fold 

... 

2 

2 

Inside      ex- 

Inside     ex- 

haust end  of 

haust  end  of 

L  p.  turbines 

l.p.  turbines 

RedproeaHng  Engine 
Steamer  for  eomparisan. 


Triple  Ex- 
pansion 
Estimate, 


See  table 
below 


under  16  lbs. 


Triple 


Duchess  of 
Hamilton, 


**Prinoe8B 
MAud.'* 


600 


Compound 
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Name  of  Vessel 


Air  Pamp : — 
Driven 


Maker. 

Type    .... 

Yooaum  maintained  at 
fall  speed 

Temperature     of     dis 
charge  at  full  speed 

Steam  per  hour  used  at 
full  speed 

Air  pump   barrel   dia- 
meter and  stroke 

Steam  cylinder— diam. 

Strokes  per  minute 
Circulating  Pump : — 

Made  by 

Type    .        .        .        . 

Steam  per  hour  at  full 


Weight   of  circulating 
water  per  unit  weight 
of  steam 
Temperature  suction 
„  dischaige . 

Electric-lighting  Engine: — 

Maker 

E.W.  capacity  each 

Position 
Photo  of  vessel 
Feed  Pumps : — 

Made  by 


Numb 


dia 


umber 
Water     cylinder 

meter  stroke 
Steam  cylinder  diameter 
Capacity  per  hour 
Steam  consumed  per  hour 
Oil  circulation 

Steam  consumedper  hour 
Weights  of  machinery  : — 
Boilers,  including  water 
Turbine  machinery 
Shafting 

Total  .... 

When  firing  all  Boilers : — 

Mean         speed         on 

measured  mile 

I  Steam  Pressure  at  boilers 

I     per  sq.  in. 


Turbine  Vessels. 


'*King 
Edward.' 


by  worm  on 
l.p.  turbine 
shaft 


26 '5  inches 


See 
458^ 


66  tons 
20-48 


<<  Queen 
Alexandra." 


from  circu- 
lating en- 
gines 

26 '5  inches 


BeciprocaUng  Bngwu 
Steamer  for  Gomparison. 


Triple  Ex- 


Duchess  of 
Hamilton. 


"  FrincesB 
Maud.'' 


Fig.  459 


21-63  19-7 


SUam  Tur- 
bine 
Parsons 


181 


1  From  Clyde  Passmger  Steamers  1812  to  1901,  by  Captain  Jamea  Williamson. 
MacLehose  A  Sons  (1904),  Glasgow. 
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Turbine  Vessels. 


Name  of  Vessel 


Edward." 


<*  Queen 
Alexandra.  "* 


Yscuam  inches  mercury 

Revolutions  per  minute 
h.p.  turbine 

Revolutions  per  minute 
l.p.  turbine 

Revolutions  per  minute 
reciprocating  engines 

Average  sea  speed  on  160 
miles  run  to  Campbel- 
town and  back 

Averace  coal  consumed,  in- 
cluding lighting,  per  day 

Average  coal  consumed  per 
equivalent  I.H.P.  hour 


t 


505 
765 


1901  season 

19  knots 

18  tons 
1-8  lbs. 


750 


1090 


BedproccUing  Engine 
Steamer  for  Comparison, 


Triple  Ex- 
paiision 
Estimate, 


Duchess  of 
Hamilton, 


''Prinoeas 
Itaad.'' 


18i 


22 

estimate 


16^ 
16 


Fig.  458. — "  King  Edward. 


A    rV^if*^^^ 

^^^^^BS^^^-^  —    ^^^^^^^^^^^^^^^^^^^^^^^^^^^l^^^^BB 

Fig.  459. — "Queen  Alexandra." 
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TAftLE  CXXXVII.— Comparison  op  Coal  Consumption. 


Vessel 


''King  Edward.", 


Similar  type 
Reciprocating. 


Days  ranning  .  •  :  79 

Totol  knots      .  .    12,116 

Total  of  ooal  burnt  .         .  i  1480  tons 
Average  8i>eed  .  '  18}  knots 

Coal  per  mile  at  same  speed    264  lbs. 
Miles  per  ton  of  coal  .    ,8} 


,  Authority 


80 

12,106 
1909  tons 
18i  knots 
353  lbs. 
6i 


Gapt.  Williamson  j  Capt,  Williamson 

I 


I>uch€ss  of 
ffamiilton. 


15,604 

1769  Urns 

16^  knots 

253  lbs. 

9 

TJu    Mechanical 

Engineer,   Feb. 

1,  1902 


Steam  Turbine  Yachts. 


1 

Name  of  Vessel 

''NarciflsuB" 

"Emerald" 

**Lorena" 

•*LibeUule" 

"Albion" 

Built  for. 

A.  E.  Miller    Sir 

Mr  A.  L. 

Sir  George 

Mondy,        Christopher 

Barber, 

Newnes 

1 

Derby             Fumess 

New  York 

1  Now  owned  by 

Mr  Gould 

jType       .        .        .         . 

Turbine  yacht 

... 

•«• 

Built  m  year  . 

,  1908 

1903 

Date  of  launch 

Dec.  20,1904  Oct.  21,1902 

... 

Nov.  or 
Dec.  1904 

Name  of  designer 

F.J.Stephen 

Cox  &  King, 
London 

'  Name  of  builder 

Fairfield          A.    Stephen 

... 

k  Son  Ltd. 

S"""' 

PUce   .... 

Glasgow 

i 

1  Vessel's  length 

245ft.               236ft. 

253ft. 

270ft. 

'      Length     between-  per- 

198ft 

pendicular 

Beam  .... 

274ft.             '  28ft.  Sin. 

33ft.  3in. 

d4ft 

Beam,  including  rolling 

...                     ... 

... 

chocks 

Depth,  moulded  . 

16Jft.               18ft.  6in. 

20ft  3in. 

20ft 

Depth,   upper  deck   to 

... 

keel 

Depth,  promenade  deck 

1 

1 

Draught 

...           1           ... 

13ft. 

t 

Passenger       accommoda- 

tion- 

Tonnage,        by        yacht 

782 

756 

1400 

measurement 

Displacement 

900  tons 

1303  tons 

1300 

Speed  forward 

'  15  knots 

18-02  knots ^ 

... 

15  knots 

„     astern    . 

! 

... 

Iiength  of  journey    . 

1 

... 

1  With  240  tons  of  coal  on  board. 
HIb  Majesty  the  King  of  England's  yacht  U  equipped  with  turbines.    The  "  Mahroussa,"  the  Khedive's 
yacht,  Is  also  equipped  with  turbines.    See  p.  631,  items  60  and  61. 
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Steam  Tubbinb  Yxowr%-~eo7Uin'ued, 


Namu  of  Vessel 


*  Narcissus"  ''Emerald' 


Average  ronniiig  speed 

Horse-power  I.H.P. 

Boilers    . 

Maker 

Type       .        .        . 


144 
1250 
2 

Multitubular 


Number  installed 

Rated  capacity  (lbs.  per 
hour) 

Heating  surface,  total 

Grate  area    . 

Draught  (water)  pressure 

Forced  draught — type  .1 

Steam       pressure— -lbs.    180  lbs. 
per  sq.  inch.  | 

Funnels  i— 

Number 

Diameter 
Superheaters  :— 
Shafts     . 

Number 

Diameter 

Weiffht 
Propellers,  per  shaft 

Total   . 

Number  of  blades  each 

Diameter 
Steam  turbine 

Made  by      . 

Type    . 
Cruising  Turbine : — 

Number 

Position 
H^h-pressure  Turbines  :- 

Number 

Position 

Revolutions  per  minute 
Low-pressure  Turbines : — 

Number 

Position 

Revolutions  per  minute 
6o-astern  Turbines : — 
Number 
Position 

Revolutions  per  minute 

Rated  horse-power  con- 
densing 

Rated  horse- power  non- 
condensing 

Steam  consumed 

Weight  of  steam  per  hour 
full  speed 


I 


'Lorena*'    ''Libellnle 


1500 


150  lbs. 

3 

1 
3 

Parsons 


I 
18500* 


I  Single-ended 
'      Scotch 

14 

I  '" 

,  8560 
1217 
'  Howden's 

180 


none 
8 


1 
3 

56in. 
48in. 

Parsons, 
weight  ^ 


Centre  shaft 
500 


Each      side 

shaft 
700 


Centre  shaft ' 

560  I 


Each      side 

shaft 
700 


Ajxuvixiua 

... 

1800  ■*" 

150 

... 

8 

Rateau 

... 

... 

1 

2 

••. 

Inside     l.p. 
turbine 

... 

... 

... 

1 70  tons  less  weight  than  the  reciprocating  machinery  originally  designed  for  the  "  Loreoa." 
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Name  of  Vessel, 


Weight  of  Btaam  per  hour 

half  speed 
Goal  burned  per  hour  full 


storage 
Condenser — 

Made  by 

'type   . 

Kumber 
Air  Pump 

Maker. 

Type   . 

Vacuum  maintained  at 
full  speed 

Temperature     of    dis- 
charge at  full  speed 

Steam  per  hour  used  at 
full  speed 

Air  pump  barrel,  dia- 
meter and  stroke 

Steam    cylinder  —  dia- 
meter 

Strokes  per  minute 
Circulating  pump 

Made  by      . 

Type   .        .        .        . 

Steam  per  hour  at  full 


"NazoiBmu."  ''Emerald. 


Weight  of  circulating 
water  per  unit  weight 
of  steam 

Temperature  suction 

Temperature  discharge 
Electric-lighting  engine:— 

Maker 


^. 


R.  W.  capacity  each 

Position 
Photograph  of  vessel 
Feed  Pumps : — 

Made  by      . 


Numb 


lumber 
Water  cylinder  diameter 

Stroke 
Steam  cylinder  diameter 
Capacity  per  hour 
Steam    consumed     per 

hour 
Oil  circulation  Pumps : — 
Number 

Type    .        .        .        . 
Steam    consumed     per 

hour 

Boilers,  including  water 
Turbine  machinery 


Lorena/'  ''Idbellule."    ''Albion." 


500  tons 


Surface 

2 

2 


Fig.  460 

Weir 

2 


2 
Weir 


672 


STEAM  TURBINE  ENGINEERING 


MARINE  STEAM  TURBINES 
Steam  Turbine  Yachts— ixm^nu^d 
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NavM  of  Vessel 


'KaroissiiB.' 


Main  reciprocating 

engines 
Shafting 
Totol   . 
I  Costs 

'   Test  Remits:^ 
]         When  firing 
Run  from 
Run  to      . 

Steam  pressure  at  boiler 
i  At  stop  valve    . 

In  h.p.  Turbine 
I  In  l.p.  Turbine 

!  Vacuum  (mercury) 

Revolutions  per  minute: — 
I       Centre  Turbine     .        .  I 
1       Wing  Turbines     . 
'       Air     and      circulating 

pumps 
,       Mean  speed  on  measured 

mile 

I       Steam       pressure      at 
boilers  per  sq.  in. 
Steam  pressure  in  h.p. 
Turbine 
I      Steam  pressure  in  Lp. 
Turbme 
Vacuum  inches  mercury 
Revolutions  per  minute 
h,p.  Turbine 
I      Revolutions  per  minute 
\ l.p.  Turbines 


*  Emerald.' 


15 


'Lorena." 


"Libellnle.' 


2  boilers 
New  York 
I  Tompkins- 
ville,  S.I. 
ISOlbs. 
leOlbs. 
lOOlbfl. 
201be. 
27ins. 

300 
350 
100 


1802 
Full 
speed 
180 

150 

25 

27 
500 

600 


Half 
speed 
180 

50 


'Albion." 


15 


Stkam  Ttj&binb  Vkbbxls  Built  bt  Mbssrs  Yarbow  k  Co.,  Ltd. 


Name  of  Vessel 


Built  for    . 
Owned  by  . 


Date  of  launch  . 

test 
Name  of  designers 
Name  of  builder 


Turbine  Steam 
Yacht. 


*  Tarantula.' 


CoLM*Calmont 
Mr     W.      K. 
Vanderbilt, 
1902 

Coz  k  King 
Yarrow  k  Co. , 
Ltd., 


Reciprocating  and  Turbine      * 
Steam  Yachts.  I 


'Caroline." 


«No.  1126.' 


Russia 

1904 

Yarrow 
Yarrow 


Data  kindly  supplied  by  Messrs  Yarrow  k  Co. 


I  Jan.  19,  1904 
I  Yarrow 
I  Yarrow 


48 
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Stfam  Turbine  Ybssels — wntinued. 


Name  of  Vessel  . 


Place         

Vessel's  length  overall 
Length  between  perpendicular 

Beam 

Depth 

I  Tonnage  by  yacht  measurement . 
I  Displacement     .... 

i  Draught 

Speed,  knots  forward 
„  astern   . 

Length  of  journey 
Average  running  speed 
Horse-power      .        .         .        . 
Boilers :  — 
Maker 


51? 


umber  installed    . 

Rated  capacity  (lbs.  per  hour) 

Heating  surface,  total 

Grate  area,  total 

Draught  pressure  (water) 

Steam  pressure— lbs.  per  sq.  in. 
Funnels : — 

Number 

Diameter        .        .        .        . 
Snperheatera : — 
Shafts  :— 

Number. 

Diameter 

Weiffht  . 
Propellers : — 

Total      . 

per  shaft 

Number  of  blades  each 

Diameter 

Pitch      . 
Steam  Turbine : — 

Made  by 

Type      . 


Number. 
Recip.  Engine    . 
Course  of  steam . 
Reciprocating  Engine:— 

Number 

Horse-power  . 

Position . 

Revolutions  per  minute 


Turbine  Steam 
Yacht 


'Tarantula." 


Poplar,  London 
152ft.  6in. 

16fL  Sin. 
8ft.  5in. 
170 

150  tons 
5  ft. 
2676 


22 

2000 

Yarrow  k  Co. 

Yarrow 

2 

8600  sq.  ft. 
70  sq.  ft. 

•226 

2 

none 

3 


6» 

37in.    "" 
Parsons 


3 

none 


Reciprocating  and  Turbine 
Steam  Yachts. 


*  Caroline." 


Poplar 
162ft  6in. 

16ft  Sin. 
8ft  6in. 

140  tons 
6ft. 
26-4 

Reciprocating 
10/14  knots 


2000 

Yarrow 
Yarrow 
2 

3600  sq.  ft 
70  sq.  ft 

235 

2 

none 
8 


3,  later  6 
centre 


*  No.  1126." 


Poplar 
162ft  6in. 

16ft  Sin. 
8ft  6in. 

140  tons 

26-4 

Reciprocating 
10/14  knots 


2000 

Yarrow 
Yarrow 
2 

3600  sq.  ft 
70  sq.  ft 

236 


none 
3 


48in. 
66in. 


sides^ 

32in. 
SOin. 


Oerlikon  Works 
Rateau      Tur 

bines 
2 

260  B.H.P. 
^  s 

1 

260 
centre  shaft 


sides 
3 

32in. 
84in. 


3 

centre 

3 

46in. 

66in. 

Yarrow 
Parsons 


260B.H.P. 


1 

260 

centre  shaft 
676 


1  Later  S6iii.  propeller  on  each  shaft 

2  See  p.  082  for  the  five  propellers ;  only  the  original  8  are  referred  to  here. 

3  Reciprocating  engine  takes  steam  from  boiler  and  deliren  exhaust  to  condenser, 
do  likewise. 
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Turbine  Steam 

Reciprocatim 
Steam  ^ 

"Caroline." 

t  and  Turbine 

Yacht. 

1 

6'achts. 
**No.  1126." 

1 
Name  of  Vessel .                         .    "Tarantula." 

Cniifling  Turbine  :— 

Number          .... 

1 

none 

none 

Position 

.. 

High-pressure  Turbines  :— 
Number         .... 

1 

1 

Position          .... 

side  shaft 

side  shaft 

Revolutions  per  minute  .             1000 

1500 

1350 

Direction  rotation  . 

right-handed 

left-handed 

Low-pressure  Turbines  :— 

Number 

1 

1 

Position.        .    •     . 

side  shaft 

side  shaft 

Revolutions  per  minute  . 

I»30 

1500 

1350 

Direction  rotation  . 

left-handed 

right-handed 

Go-astern  Turbines  :— 

Number 

Position 

Revolutions  per  minute  . 

Rated  horse-power  condensing    . 

Rated  horse-power  non-condensing 

Steam  consumed 

Weight  of  steam  p.  hourftdl  speed 

speed 
Fuel  burned  per  hour  at  full  speed 

Condenser : — 

Madeby         .... 

Number 

surface 
2 

surface 

surface 

Surface 

Surface  of  augmenter  (if  any)  . 
Power  used   oy  augmenter  (if 

... 

any) 

Air  Pump 

1 

Maker | 

Type 

Two  installed, 

only  one  used 

Vacuum    maintained    at    full 

21in. 

27in. 

27iins. 

speed  1 

Temperature    of   discharge  at 
full  speed 

Steam  per  hour  used  at  full 

... 

speed 

Air  pump  barrel  dia.  and  stroke 

.. . 

Steam  cylinder — diameter 

1 

Strokes  per  minute 

Circulating  Pump 
Type 

1 

1 

1 

Weight  of  circulating  water  per 

.,, 

unit  weight  of  steam 

Temperature  suction 

Temperature  discharge,   . 

... 

... 

'Tarantula"  :  On  run  from  New  York  to  Great  Neck,  vacuum  21  in. 
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Steam  Turbine  Vebskls— ro»<mt/4?d. 


Name  of  Vessel  . 


EUectric- lighting  Engine  : — 
Maker    . 


Turbine  Steam 
Yacht. 


*  Tarantula.' 


Fig.  461 


E'.W.  capacity  each  .  i  3} 

Position 
Drawings  of  veasel 

of  turbine 

of  condensing  plant 

of  reciprocating  engines 
Illustration  of  vessel  . 

of  Turbines    . 
Feed  Pumps:— 

Made  by 

Type      .        . 

Number 

Water       cylinder      diameter 
stroke 

Steam  cylinder  diameter 

Capacity  per  hour  . 

Steam  consumed  per  hour 
Oil  circulation  pumps  .    2 

Oilpressure,  lbs.  per  sq.  in.    .    5*75 

Steam  consumed  per  hour 
Weights:— 

Boileis,  including  water . 

Turbine  machinery — lbs. 

Main  reciprocating  engines 

Shafting 

ToUl    . 
Costs  .... 

Test  Results 
Wlien  firing  how  many  boilers  t- 

Guaranteed  speed  . 

Six  hours'  trial  speed 

Mean     speed     on     measured 
mile 
fFhen  firing  all  boilers:— 

Guaranteed  speed   . 

Mean  speed  on  measured  mile 

With  displacement 
Steam  pressure  at  boilers,  lbs.  per 
sq.  in. 

in  H.  P.  turbine 

in  L.P.  turbine       ... 
Vacuum,  inches  mercury    .         .    21 
Revolutions    per    minute    H.P.  | 

Turbine  , 

L.P.  Turbine 

reciprocating  engines      .         . 
Fuel liquid*-^ 


26-36 
150  tons 
225 

200 


Reciprocatingand  Turbine 
Steam  Yachts. 


Caroline." 


Weir 
vertical 

1 


17,200 


Tables  below 


1235 
170 
27 


•No.  1125." 


Fig.  462/8 
Figs.    469/70 


Weir 
vertical 

1 


Welsh  coal  Welsh  coal 


2 
26-4 

235 

230 

30 

274 


1  Capable  of  over  2000  horBe-power ;  i.e.,  8*6  lbs.  weight  per  horM-power  output 
9  Die  Turbine,  p.  2S,  Oct.  1904. 
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FiO.  469. 


Fig.  470. 


Fios.  469  and  470. — Plan  and  Elevation  of  Bateau  Steam  Turbine  in  the  "  Caroline." 

Scale  :  1/26  full  size. 
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Steam  Turbine  Vessels— am<intf«/. 


Steam  Turbiue       Keoiprocating  and  Turbine 
Yucht.  Steam  Yachts. 


Name  of  Vessel . 


'I 


'Tarantula.' 


'Caroline.'* 


'No  1125. 


Estimated  from  calculations  for  i 


Efficiency  .... 
Maximum  .... 
Normal  speed,  revolutions  per 

minute 
Loss  due  to  friction  between 
rings  and  steam 

inH.P.      . 

in  per  cent. 

With  steam  pressure  per  sq.  in. 

and  yacuum 
The  steam  constmiptiou    was 
calculated  to  be  in  lbs.  per 
effective  H.  P.  hour 


I  61  per  cent. 

2000  H.  P. 
'  1500/1600 


2000  H.  P. 
'  1350 


Sri 
•61 


I4IH.P. 
I  2  per  cent.         ' 
'  170  lbs. 
27in. 


Itf 


4  1b&' 


1  ThU   corrtmputidB  to   11*7   lbs.    per    I.H.P.    hour    for   a    reciprocating  engine   having 
12  per  cent,  loss  due  to  internal  friction. 


Fig.  471.— Tests  by  Messrs  Yarrow  k  Co.,  Ltd.,  of  "  Caroline,"  Oct  1908. 
RaUau  Turbines  and  Reciprocating  Engine, 
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Table  CX XX VII I.— "Caroline":  Results  of  First  Tests  of  Mebsbs  Yakrow 
&  Co. '8  ToBPXDO  Boat  fitted  with  one  Reciprocating  Engine  and  Two 
Ratbau  Turbines.    (Fig.  471.) 

Trials  nm  October  13/A,  1908  {urind  rather  strong). 

Each  of  two  turbine  shafts  had  a  three-bladed  propeller,  82  in.  diam.  30  in.  pitch. 
The  centre  (reciprocating  engine)  shaft  had  a  propeller    48        ,,        66       „ 


Number  of  Trial. 

I. 

II. 

1      III. 

IV. 

:  V. 

Number  of  runs  on  measured  mile 

8 

2 

2 

2 

1  3 

Number  of  propellers  . 

3 

3 

3 

3 

3 

Effective    pressure    of   steam    on 

admission  to  high-pressure  tur- 

bine, lbs.  per  sq.  in. 

zero 

5-0 

50 

100 

145 

Condenser  vaccuum— inches 

26-8 

28 

28 

27-2 

26*9 

Speeds  attained  in  various  runs 
— in  knots        .        .        .      • 

10-68 
13-50 
10-80 

17-39 
13-70 

20-66 
16-76 

28 -8  J 
20-00 

27-69    1 

22-86 

27-48 

Mean  speed  of  vessel— in   knots 
Revolutions  per  minute  of  recipro- 

11-98 

15-54 

18-71 

21-92 

24-97    1 

1 

cating  engine    .         .         .        ,  ' 

369 

411 

441 

475 

516 

Revolutions  per  minute  of  high- 

pressure  turbine        .        .         .  1 

3931 

688 

956     , 

1172 

1455 

Revolutions  per  minute   of  low-  1 

1 

1 

pressure  turbine        .        .        .  | 
E.H.P.     developed    on    shaft   of 

3951  1 

687 

994     i 

1357 

1657 

1 

reciprocating  engine 
Slip  of  propellers  driven  by  re- 

239 

260 

251 

2-35 

232 

ciprocating  engine    . 
Slip  of  propellers  driven  by  high-  i 

39-5% 

29-7% 

21-0%   1 

14-0% 

9-7% 

pressure  turbine                .        .  i 

8-9% 

20-6%  i 

24-5% 

30-5% 

Slip  of  propellers  driven  by  low-  1 

, 

pressure  turbine                .        . 

8-9% 

24-0% 

35-0% 

39%'^ 

The  E.H.P.  developed  on  shaft  was  arrived  at  by  deducting  10  per  cent,  recorded  by  the  Watt 
indicator. 

1  In  the  first  trial  the  reciprocating  engine  alone  received  steam,  while  the  turbines  revolved 
idly,  due  to  the  action  of  the  water  on  their  propellers.  The  other  trials  were  made  with 
progressively  increased  steam  pressure,  supplied  to  the  high-pressure  turbine. 

3  The  low-pressure  turbine  gave  more  power  than  the  high-pressure  turbine,  due,  Professor 
Bateau  stated,  to  the  condenser  giving  better  results  than  were  anticipated. 

The  complete  absence  of  vibration  was  especially  note- 
worthy. 

Additional  Propellers  on  "  Caroline's  "  Turbine  Shafts.— 
Curves  B,  C,  and  D,  Fig.  471  (opposite),  showed  that  the 
propeller  surface  was  rather  too  small  for  speeds  above  21  knots 
A  second  propeller  was  consequently  added  to  each  of  the  turbine 
shafts. 
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Table  GXXX IX. —Results  of  Second  Tests  of  Messes  Takrow  k  Co.'s 

TOBPSDO-BOAT. 

Trials  run  January  19^A,  1904,  wUh  b  propellers. 

On  the  middle  shaft  (reciprocating  engine)  one  propeller     42  in.  diam.  66  in.  pitch. 

)28  SO 

S2         "         30        " 

„  other  side  shaft    (low       „  „        )„  „         j  ^^         m         80        „ 


L 

II. 

III. 

IV. 

60 

100 

160 

170  > 

28 
15-68 
20-00 
17-79 

27-5 
19-25 
28-53 
21-39 

27 
23-22 
26-67 
24*94 

27 
25-71 
27  07 
26-89 

458 

508 

665 

576 

83C 

1052 

1207 

1258 

836 

1065 

1282 

1307 

•28-7% 

22-4/, 

17% 

16-8% 

1:3-6% 

17-4% 

16-4% 

14-8% 

24-0% 

28-2% 

27-8% 

27-8% 

Number  of  Trial  . 

Effective  pressure  of  steam  on 
admission  to  high -pressure  tur- 
bine— lbs.  per  sq.  in. 

Condenser  vacuum  —  inches  of 
mercury 

Speed  of  vessel  (two  runs)  —  I 
knots        .         .         .         .       / 

Mean  speed  of  vessel— knots 
I  Revolutions  per  minute  of  recipro- 
cating engine    .... 

Revolutions  per  minute  of  high- 
pressure  turbine 

Revolutions  per  minute  of  low- 
pressure  turbine 

Slip  of  propellers  driven  by  recip- 
rocating engine 

Slip  of  propeller  driven  by  liigli- 

^  pressure  turbine 

Slip  of  pi-opeller  driven  by  low- 
])ressure  turbine- 


1  The  turbines  were  designed  for  156  lbs.  per  sq.  in.  For  the  same  steam  ooniumption 
the  speed  is  less  than  on  October  IStb,  1903  (see  previous  records,  p.  881),  except  at 
maximum  speed. 

The  two  screws  on  each  turbine  shaft  give  better  results 
than  the  single  screws  in  the  previous  trials,  but  the  efficiency 
of  the  turbines  is  much  less,  their  speed  having  been  greatly 
reduced. 

The  added  screws,  located  near  the  hull,  gave  rise  to  consider- 
able vibration. 

To  obtain  the  estimated  efficiency  of  the  turbines  it  was 
necessary  to  reduce  the  propeller  surface  and  allow  the 
turbines  to  revolve  faster;  this  was  donp  for  the  third  set  of 
trials. 
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Tablx  CXL.— Results  of  Third  Tksts  of  Mbssbs  Yarrow  ft  Co.*s 

ToRPEDO-BOAT. 

Trials  run  March  Ath,  1904 
On  the  middle  shaft  (reciprocating  engine)  1  propeller      42  in.  diam.  66  in.  pitch. 
„  one  side  shaft     (high-pressure  turbine)  2        ,,         jog        **        oa        " 

„  other  side  shaft  (low  „  „    )2       „         |  ^^        |»        H 

Eflfective  pressure  of   steam    on    admission    to 

h.  p.  turbine same  as  in  Table  CX  XXIX. 

Condenser  vacuum ,,  ,, 

Mean  s})eed  of  vessel approzimatelyas  in  Table  CXXXIX. 

Revolutions  per  minute  of  reciprocating  engine  „  ,,  ,, 

,,  ,,  turbines     .  .     16%  higher  than  „ 

Slip  of  propeller  driven  by  reciprocating  engine  .     same  as  in  Table  CXXXIX. 
,,  ,,  high-pressure  turbine    24*6%. 

low        „  „  83-1%. 

The  following  is  a  summary  of  Professor  Bateau's  conclusions 
from  these  tests : — 

1.  The  highest  eflBciency  is  obtained  with  a  single  propeller  on 
each  shaft. 

2.  It  seems  diflBcult  to  get  satisfactory  slip  with  propellers 
grouped  on  each  shaft. 

3.  A  slip  of  25  per  cent,  seems  to  be  the  maximum  for  good 
duty ;  and  in  order  that  this  shall  not  be  exceeded,  the  propelling 
surface  (and  diameter)  must  be  increased. 

4.  The  inclination  of  the  shafts  in  the  boat  under  test  is  greater 
than  it  should  be  with  propellers  having  a  diameter  greater  than 
the  pitch. 

5.  The  speed  of  26*4  knots  has  been  attained;  and  the 
maximum  obtained  with  reciprocating  engines  can,  no  doubt,  easily 
be  reached. 

6.  The  necessity  for  nearly  horizontal  shafts  calls  for  new  lines 
of  hull. 

7.  At  reduced  speeds  the  turbines  are  not  economical. 

8.  Turbines  alone  are  inconvenient  for  going  astern  and  for 
manoeuvring. 

9.  The  reciprocating  engine  should  exhaust  into  the  low- 
pressure  turbine. 

10.  Such  a  reciprocating  engine  supplying  40  per  cent,  of  the 
power,  and  turbines  the  remaining  60  per  cent.,  would  give  a  vessel 
15  per  cent,  to  20  per  cent,  more  power  than  could  be  obtained 
with  reciprocating  engines  only,  and  would  add  the  general 
advantages  characteristic  of  turbines. 
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Sermee 

South-Eastem  and  CI 

latham  Railway 

Co. 

Route 

Dover— Calais. 

1 
Rceiprocaiing 

Turbine  Steamers. 

Engine 

SUamtr. 

Name  of  Vessel 

"Queen."" 

"Onward." 

**Invicta." 

1 

ndaria. 

Date  of  launch 

April  4,  1903 

March  11,  1905 

1 

1 

April  19,  1905 

: 

i 

In  regular  passenger  service 

June  28,  1908 

1 

1 

1  Spring  1906 

July  1905 

Name  of  builder 

Denny 

1  Denny 

Denny 

Place    .... 

Dumbarton 

Dumbarton 

Dumbarton 

Vessel's  length  overall 

810ft. 

;  310ft. 

810ft. 

Beam 

40ft. 

40ft. 

40ft. 

Moulded  depth    . 

26ft  6in. 

24ft.  6iu. 

Depth 

, ,    Promenade  deck  to  keel 

25ft. 

1 

... 

Draught          .... 

lOJft. 

'  lOJft. 

Watertight  bulkheads,  number 

... 

Passenger         accommodation, 

1250 

' 

770 

registered 
Ist  class       .         .         .         . 

1 

2nd  class      ... 

... 

... 

8rd  class      .         . 

... 

1 

Displacement 

'  1676  tons 

1700  tons 

Netreffistei     .         .         .         . 
Si)eed  forward— knots 

1129 

i 

1 

12 

'23 

•J3 

'       /.* 

;  Speed  astern— knots 

13 

... 

;  Length  of  journey   . 

•25N.M. 

i 

Time  on  journey 

59  minutes 
Aug.  16,  1908 

1 

52  minutes 
Aug.  1905 

Running  speed—  knots 

... 

Horse- power  I. H. P. 

8000/9700 

8000 

8000 

Boilers:— 

Maker          .... 

Type 

Number  single-ended  . 
Number  douole-ended . 

2 

1 

'..'. 

2 

Rated  capacity,  lbs.  per  hour 
1      Heating  surface,  total  . 

... 

Grate  area    .... 

... 

Draught     pressure     (inches 

itoii" 

water) 

1 

Steam  pressure  (lbs.  per  sq. 

150 

160 

160 

... 

in.) 

Funnels  :— 

Number       .... 

2 

... 

Diameter     .... 

i 
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!  London,    Brighton,    and    South  Union  S.S.^ 
Coast  Railway  Co.  and  Chemin    Co.  of  New  British  India  Steam  Navigation  Co.' 

de  Fer  de  rOnest  Zealand. 

Newhaven  and  Dieppe. 


Turbine  Driven. 


^Brighton,"  **IMeppe.' 


1903 


Aug.  1903 
Denny 

Dumbarton 
282ft. 
37ft. 
16ft  2Jin. 

22ft'" 
9ft 
10 
1000 


1180 

21i  '" 
12 

64  knots 
2  hours  59 
minutes 
20 
7000 

Denny 


150 


Hecipro- 
cating 
~    in€S. 


Arumdel, 


Tenders,      April  XSy 
August  8,  ,      1900 

1904 

Launch, 

April  6/05 

July  6/05 

Fairfield 


Go  van 
274ft 
34ft  Sin. 
14ft  6in. 


9Jft 


Denny  4s 

Bros. 

Ihimhartmi  Dumbarton 
»77fU  300ft. 

43ft. 


18a 


1600 


7000 


''Loongana.' 


Aug.  1904 
Denny 


"Linga.' 


900 


1060  tons 


150 


12ift. 


2440  tons 
20-14  " 

80}  days 

15 
6000 


150 


Denny 

'Dumbarton 
275ft 
44ft 

25ft!" 


2200 
18-09 


4000 


Oct  1904 
Denny 


275ft 
44ft. 


25ft 


2200 
1805* 


4000 


Dec.       8, 
1904 


Denny 


275ft. 
44ft 


'Lunka.' 


1904 


Denny 


1  The  "  Xalieno,"  6600  tons,  7000  U.P.,  17|  knots,  S  turbine-driven  propellers,  has  been  added  to  the  U.S.S.  Ck>.  of 
N.Z.'s  fleet.  400  feet  long,  60  feet  beam,  32|  feet  deep.  "  Maheno  "  accommodates  223  first-class,  116  second-clasr, 
60  third-class  passengers.  Trials  Sept  29, 1905,  with  3000  tons  dead  weight  17*6  knote  with  aU  boilers.  Il  hns 
2  double-ended,  2  single-ended  boilers,  Howden's  forced  draught. 

>The  "Bingera"  and  two  sister  ships  2900  tons,  6000  H.-P.,  18  knoU,  3  turbine-driven  propellers  added  to 
tbd  B.I.S.N.  Co.'s  fleet.    800  feet  long,  built  by  Messrs  Workman-Clark. 
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Name  of  Vessel 


Superheaters   . 
Shafts  :— 

Number 

Diameter 

WeUht 
Propellers,  total 

Number  of  blades  each 

Diameter 


I      Pitch  . 

I  Steam  Turbine  :- 


1 


Made  by 


Number 
Govemors 


High-pressure  Turbines : — 
Number 
Position 

Revolutions  per  minute 
Expansion   . 


Low-pressure  Turbines : — 

Number 

Position 

Revolutions  per  minute 

Expansion    . 

Total  ratio  of  expansion 
Go-astern  Turbines  :— 

Number 

Position 


Revolutions  per  minute 
Rated  horse-power  condensing 
Rated  H.-p.  non-condensing    . 
For  comparison :  Reciprocating 


Piston  Engines: — 
Maker . 

Type   .        .        . 
Number 
Cylinders  diameters 


Turbine  Steamers. 


Becip 

ine 
Steamer, 


"Queen." 

''Onward.*' 

None 

••■ 

S 

7ins. 

3 

51 
3 

42in.,      27in., 
27in. 

3 
72in. 

Parsons  Steam 
Turbine  Co. 

3 
centrifugal 

electrically 

operated 

throttle  valve 

3 

1 

oentre 
480 
6-fold 

440 

2 

each  side 

500 

25-fold 

125-fold 

2 

'Invicta.' 


Victoria. 


each  side 


Denny 


Parsons 
8 


'  has  only  three  propellers  now,  72iD8.  and  e71ns.  diam. 
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Turbine  Driven. 


I'^Brighton.' 


Beeipro- 

ccUing 

Bngiiies, 


"Dieppe."    Arundel. 


3 
66in.,67iin., 

67iin. 
72in.,  70in., 

70m. 

Panons 
Marine 
Steam 
Turbine 
Co.,  Ltd., 

Wallsend 


centrifugal 


1 

centre  shaft 

520 

in       trial, 

Sept    1, 

1908 

2 

each  side 

600 

125.foid 

2 

in  afk  end, 
each  l.p. 
turbine 


3 
60in. 


Fairfield 
Co. 


"Loongana.*' 


1 
600* 


3 
68in. 


Parsons 


"Lbassa."'  "Linga." 


Parsons 


"Lama." 


Denny 


*Limka." 


Denny 


Parsons       Parsons 
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Name  of  Ves$el 


R.p.in.  full  speed 
Stroke  .... 

Bated  power  condensing 
Rated  power  non-condensing 
Steam  consomed  . 
Weight  of  steam  per  hour  full 


Coal  per  I.H.P.  hour— lbs. 
Coal  burnt  at  full  speed   . 


Turbine  Steamers. 


Reciprocating 
Engitie 
Steamer. 


"Queen." 


Condenser: 
Position 

umber 
Surface 


'^ 


Power  used  by     .        .        . 
Air    Pump    and    Circulating 
Pump : — 


Maker         .... 

Type 

Vacuum  maintained  at   full 

speed 
Temp,   of  discharge  at   full 

speed 
Steam  per  hour  used  at  full 


*  Onward.'* 


1-821 


in  each  wing 

surface 

2 


1  beam  engine 


'Inviota.' 


Air   pump    barrel    diameter 

and  stroke 
Steam  cylinder  diameter 
Strokes  per  minute 
Circulating  Pump    . 

Made  by      .  .  | 

Type  ....  I 

Steam  per  hour  at  full  speed  j 
Weight  of  circulating  water  i 
per  unit  weight  of  steam  I 
Temperature  suction  . 
Temperature  discharge 
Electric-lighting  Engine  :— 
Maker 


on    air    pump 
engine  shaft 


^. 


K.W.  capacity  each 
Position 


Victoria. 


I 


"  daeen  "  does  Jouniey  In  9  minutes  less  time  than  Vietoria  and  Empreu  on  the  tame  weight  of  ooal. 
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Turbine  Driven. 


'Brighton.' 


surface 

2 

between  Lp. 
turbine 
and  side 
plating 

compound 
endues 
drive  air 
and   cir- 
culating 
pumps 
each  side. 


•'Dieppe." 


1-8' 


I 


2       centri- 
fugal 


Recipro- 
cating 
~    iiies. 


Arundel. 


'Loongana.' 


68  tons  per 
day  for  30^ 
days  at  15 
knots. 


I 


1  In  a  coiupariaon  with  a  Reciprocating  VeMel  of  equal  powtr  by  Mr  R.  J.  Walker  at  Liverpool  Rug,  Soc.,  Feb. 
1906,  the  ••  Dieppe  "  oonBUmed  18  ;  IS ;  2*0  lbs.  per  H.P.H.  cigaingt  the  reeiproealing  VMsel's  i'17  ;  IS;  and  IG  lie- 
per  U.P,U.  at  full,  three-quarters,  and'one-third  power  respectively. 

44 
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Name  of  Vessel 


Steam  Tiller  :— 

Made  by      .        .        .        . 
Figaree : — Crosssection  showing 

turbines  and  condensers 
Illustration  of  vessel 
Feed  Pumps  : — 

Made  by      .        .        .        . 


Numb 


umber       .... 
Water  cylinder  diam.  stroke 
Steam  cylinder  diameter 
Capacity  per  hour 

I      Steam  consumed  per  hour    . 

I  Oil  circulation— pressure 

I  ,,         — consumption  . 

I  Steam  consumed  per  hour  . 
,  Weights:^ 

'      Boilers,  including  water 
Turbine  machinery 
Main    reciprocating   engines 
Shafting      .        .        .        . 
Total 

Gosts 

Test  Results  .— 
When  firing 

Guaranteed  speed,  knots 
Four-hour  trial,  knots  . 
Mean  speed  on  measured  mile, 

knots 
Speed  with    h.p.   steam    in 
two    l.p.    turbines,    h.p. 
turbine  running  idle 
Steam  pressure  at  boilers  per 
I         sq.  in. 

I  In  h.p.  receiver  per  sq.  in.  . 
.  In  l.p.  turbine  (mean)  per 
I  sq.  in. 

I  Vacuum — inches  mercury 
I  K.p.m.  horse- power  turbine     . 
l.p.  turbine 

Reciprocating  engines  . 
Engine-room  staff  . 


Turbine  Steamers. 


'Queen." 


Brown  Bros. 
Fig.  472 

Fig.  478 

Weir 

two 


infinitesimuU 


21  76 
13 


12lbH. 


I 


Stopping : — 
From  forward  speed  of. 
Vessel  brought  to  rest  in  time 
Vessel   brought    to    rest   in 

distance 
Retardation  feet  per  sec.'-^ 
Average       superiority       over 
paddle  steamers  :— 
In  good  weather  . 
In  bad  weather    . 


'Onward." 


"Invicta,' 


Sieofmer, 


ridaria. 


21 

21-85 

22-93 


19-26 


500 
550/660 

4  less  than 
Victoria  or 
Empress 

19  knots 
67  sees. 
2i  lengths 

•3r) 


9  minutes  | 

20  minutes 

1  Chairmnn.  S.E.  Ry.  i'o. 
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Turbine  Driven. 


'Brighton,"!*' Dieppe.' 


Brown  Bros. 

Fig.  474 

Weir 


I 


6    lbs.   per 

so.  in. 
negligible' 


I 


520 
600 


Rtcipro- 

cating 

Engiiies. 


Arundel.    ' '  Loongana. * 


Two  more 
than  in 
Brighton 


I 


"LbasBa.''   "Linga." 


I 


Lama.*' j"  Lanka." 


1  Forced  lubrication  supplies  tunnel  bearings  also,  and  there  is  water  supply  also.    The  oil  consumption  is 
negligible  compared  with  that  in  the  ArundM. 
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A.   Hi*. 

e.  Miiii.  Stc*. 

C-    AvTMMVtcC^' 

c .  c« 


T««*Mit 

N.r.  Ti»«si«c. 


t=. 


Fig.  472.— The  '*  Queen."    S.E.  k  C.  Ry.  Co.     Dover-Calais. 
Cross-Section  of  Steamer,  showing  Turbines  and  Condensers. 


Service        ......     Midland  Railway  Co. 

«     ,  j  Hey  sham  Harbour  to  Ireland 

'  I      and  to  Isle  of  Man. 


■ 

Turbine  Steamers. 

1 

Beciprocaiing  Engines. 

Name  of  Vessel   . 

"  London - 
1       deny." 

"Manxman." 

Antrim. 

Donegal. 

Date  of  launcli 

June  15,  1904 

Mar.  SS.  1904. 

Name  of  designers 

M 

essrs  Biles,  Gray  k  Co.,  London. 

Name  of  builder  . 

,  \Vm.    Denny 

1  Vir.kers,  Sons, 

John     BrouTi 

Cainf  ti'  Ci 

and  liros. 

1      k  Maxim 

d'  Co.,  Ltd. 

Ltd, 

Place 

Dumbarton 

lUrrow* 

ClydHmnk 

OrrenorK' 

,  Vessel's  length  overdll 

asnlt. 

:330ft. 

JJOff. 

•  UUff. 

I^eiigth    between   per  pen 

1 

dicular 

1 

Tkam 

Breadth  (moulded)  . 

4  2  ft. 

,  43ft.. 

4^/f- 

42/f. 

1      Depth,  upper  deck  to  kci'l     i^ft. 

1  18rr. 

18ft. 

I8ft. 

I)ej)th,  promenade  deck  U 

keel 
Draft       . 

)  1  2faft 

1  2nAft. 

25hft. 

1 

25m. 

1  13ft. 

'  13  ft. 

1  l^iff- 

i^n. 

Passenger  aconinuwlutioii : 

- 

1st  class  . 

i.'.rt 

ir.G 

1  Wl 

156 

2nd  class 

none 

3rd  class . 

sr. 

... 

85 

86 

Displacement 

•J4n0  tons 

2400  t<ms 

■JfiOO  tons 

2000  tons 

Gross  tonna;:(' 

•JOSfi 

2174 

2100 

1997 

Net     . 

Of)  I 

629 

1  603 

594 

j  Speed  forward     . 

22-27  knots 

23  knots 

1 

^21-9  knots 

Sl'9knotjt 
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Turbine  Steamers. 

/{eciprocating  Engines, 

NafM  of  Vessel   . 

"  London- 
derry." 

"Mamnoan." 

Anlrim, 

Donegal, 

Boilers : — 

1 
Same  equipment  in  each  vessel. 

Total  heating  surface 

12,460  sq.  ft. 

Total  grate  area 

400  s(i.  ft. 

Double-Ended.                          Single-Ended. 

Number  .... 

2        „                     and              1         „ 

Length    .... 

22ft.                                             lift.  6in. 

Diameter 

15ft.  7in.                                     ISrt.  7in. 

Number  of  furnaces 

6                                                  3 

Diameter  of  furnaces 

8ft.  llin.                                     3ft.  llin. 

Length  of  grate 

6ft.  6in.                                       6ft.  6in. 

Heating  surface,  each 

4984  sq.  ft.                                   2493  sq.  ft. 

Grate  area,  each 

161  sq.  ft.                                   8}  sq.  ft. 

Draught  pressure  (water) . 

I  Jin.                  l-5in.                                llin. 

Draught  produced  by 

.steam  engines 

steam  engines 

electric  motors  electric  motors 

bv  Paul  & 
Co.,  Dum- 

by Paul  & 

Lancashire     Siemens  Bros 

Co.,  Dum- 

Company 

barton 

barton 

Steam  pressure,  lbs.    per 

150 

200 

eOO                  1 200 

sq.  in. 

1 

Funnels: — 

Number 

2 

2 

S 

2 

Diameter 

9ft. 

9ft. 

Ufi. 

9fL 

Superheaters:— 

none 

none 

Shafts  :— 

1      Number 

8 

3 

2 

2 

Diameter  of  tunnel  shafting 

6^ins. 

e^ins. 

^11  ins. 

llins. 

Diameter      of      jiropeller 

7iand7i 

7J  and  74 

Whs. 

iHwi, 

shafting 

Propellers  per  shaft     . 
Number  of  blades  each     . 

1 

1 

1 

1 

3 

3 

3 

S 

Diameter 

6ft. 

centre  ,  sides 

6ft.  2in. 

5' 7" 

10ft.  eiiiui. 

llfU 

Pitch       .... 

4ft  6in. 

oft.  7in. 

5'0" 

tSft.  Sins. 

13ff,  Gins. 

Steam  Turbine :  - 

Made  by. 

Parsons 
Turbine 

.Marine  Steam 
Co. 

... 

... 

Type       .... 
High-pressure  Turbines : — 
Number  .... 

compound 

compound 

1 

1 

Position  .... 

centre  shaft 

centre 

Revolutions  per  minute    . 

650 

530 

... 

Low-pressure  Turbines  :— 

... 

Number  .... 

2 

2 

... 

Position  .... 

each  side  sh  lit 

each  side 

Revolutions  per  minute    . 

750 

600 

... 

Go-astern  Turbines : — 

Number  .... 

2 

2 

... 

Position  .... 

in  back  casing 
of  each  1 
turbine 

in  back  cjising 
of  each  l.p 
turbine 

Revolutions  per  minute    . 

... 

Rated  h.-p.  condensing 

... 

... 
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Name  of  Vessel  . 


Turbine  Steamers. 


JieciprtfCcUing  Entities, 


'  London- 
derry." 


Rated  h.  -p.  non-condensing  I 
For    comparison  :—Keci]^TO- ^ 

eating  Engines :  | 

Maker     . 


Numb 


dumber  .... 
Cylinders  diametei-s 

Revolutions    per    minute 
full  speed 

Stroke     .        .        .        . 

Rated  power  condensing  . 

Rated     power     non-con- 
densing 
Steam  consumed . 
Weieht  of  steam  per  hour 

full  speed 
Weight  of  steam  per  hour 

half  speed 
Coal  burned  per  hour  (full 

speed) 
Mam  Condenser 

Made  by 

Type       . 

Number . 

Surface   . 
*  *  Augmenter  "  condenser  by 

Surface  of  augmenter 

Steam  used  by  augmeuter 


Illustration 
Air  Pump  :— 
Maker     .... 
Type       .        .        . 
Supplementary    dry     air 

pump 
Vacuum     maintained    at 

full  speed 
Temperature  of  discharge 

at  full  speed 
Lbs.  steam  per  hour  used 

at  full  speed 
Illustration 
Air  pump  barrel  diameter 

and  stroke 
Steam  cylinder  diameter  . 
Strokes  per  minute  . 
^Circulating  Pump  :— 
Made  by . 


Denny 
Surface 
2 
3700 


'MAnxnmn." 


Weir 
Dry  air 
Weir  20iii.  d 
by  9ins.  s. 
28in8. 


Vickers 

Surface 

2 

4200 

Parsons 

5  j)er  cent,  of 

main 
1^    l>er  cent. 

of  turbine's 

steam 
Fig.  486 

Paul 


28 -Sins. 


I 
14ins.  X  9iiis.  '  2.5in«.  x  Sin. 
S^ins.  I  lOins. 

Paul,     Dum-  |  Paul,  Dum- 
barton barton 


Antrim. 


Donegal, 


LBrounidtCo.  Caird  A  Co 


Clydebank 
Triple  expans. 
2 
SSins,,  Seins,, 

tico  o/4iSins, 
190 

SOim. 
7600 


Greenoak 
triple  expans. 
2 
iSins,^  SSina,, 

ttDOofjfttHS 

190 

SOins, 
7600 


No  data  available. 


Brown 
Surface 

3700 
iiojie 


Caird 

iiur/ace 

2 

S700 

H4me 


Weir 
fpcam 


24'6ins. 


Fig.  492 
20nis.  X  Wins. 


Weir 
beam 


\26'0ifis. 


7Ji?is. 


Allen, 
Bedford 


20ins, 
7iins. 


X  16ins. 


Allen, 
Bedford 
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Turbine  Steamers. 


Name  of  Vessel 


Type       .        .        .        . 
Steam  p.  hour  at  full  speed 
Weight     of     circulating 
water  per  unit  weight 
of  steam 
Temperature  suction 
,,  discharge 

Electric-lighting  Engine 

Maker     .... 


''London- 
derry." 


l"^. 


I 


K.  W.  capacity  each 
Position  .... 
Drawings  of  vessel 
of  turbine 

of   reciprocating    engines 

for  comparison 
of  boiler  arrangement 

of  condensing  plant . 
of  slip  of  propeller  . 
Photographs  of  vessel . 
of  engine-room 

of  turbine  details     . 

of  condenser    . 

of    air    and    circulating 

pump 
of   reciprocating    engines 
Feed  Pumps  :— 
Made  by 
Type       ...        . 

Number  .... 

Water  cylinder— diauieler 
stroke 

Steam  cylinder  diameter . 

Capacity  per  hour    . 

Steam  consumed  per  hour 
Oil  circulation     . 

Steam  consumed  per  hour 
Weights:— 

Boilers,  including  water  . 

Turbine  machinery . 

Main  reciprocating  engines 

Shaftine  .... 


two  turbines 
Parsons 


sliaft  tunnel 

Kigs.  47.')/7 

Figs.  480/1 

and  484 


'  Ifanxman.' 


two  turbines 
De  Laval 

Figs.  475/7 


Fig.  488  to  491 
Fig.  486  ' 


I  Table  CX LI. 
I  Fig. 


Figs.  485  and 

487 


Weir  Weir 

direct  double  !  direct  double 

act.  '      act. 

2  |2 

II  ins.  11  ins. 


Reciprocating  Engines, 


Antrim.  Donegal. 


(wo     recij/ro-  ,  two     recipro 


eating 
Belliss      ds 
MoTcmn 


enqxne-roonn 
Figs,  47617 


Figs.  478/9 

and  482 
Figs.  488  to     \ 

491 


eating 

Belliss     de 

Morcom 


ehgine-foom 
Figs  475/7 


26ins. 


two  Weir 


26ins. 


Fi;f,  49  i 


Table  CXLI. 
Fig.  483 

Fig.  "' 
Fig.  482 


Weir  Weir 

direct  doable  \  direct  double 

act.  act. 

llins. 


26iuji. 
ISins. 
6000 


llins. 
S6im. 


I 


Propellers* 


Total 


I  390  tons 
'  160  tons 

25  tons 
10     » 

575  tons 


!  460  tons 

210  tons 
I    60  tons 

to    „ 

630  tons 


^  Weights  of  propellers  obtaiued  by  difference  from  total  weights  as  stated,  July  2U,  1905,  and  partial 
weights  in  Engineering. 
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J^'nme  of  Vessel 


Turbine  Steamers. 


Eedprocating  Engines. 


I 


'London- 
derry." 

I  lOli  percent. 


Costs,  relative 

Test  Results :—  \ 

When  firing  two  double-  | 

ended  boilers — 
Guaranteed  speed  —knots  '  20 
Six -hour    trial    speed—    |  21*6 

knots 
Mean  speed  on  measured    21*9 

mile 
jy hen  firing  all  boilers — 
Mean  s])eed  on  measured    22 '36 
mile — knots 
Steam  pressure  at  boilers  per  ,  150  lbs. 
sq.  in. 
In  h.p.  receiver  per  sq.  in.  |  135  lbs. 
In  l.p.  receiver         ,,  12  lbs. 

Vacuum,  inches  mercury     .    28 
Revolutions  per  minute  h.p.  I  670 

turbine 
Revolutions  per  minute  1.  p.  I  750 

turbine  i 

Revolutions  per  minute  re-  i 

ciprocating  engines 
Relative  water  consumption  i  94  por  cent, 
at  same    speed  (measured 
by     counting    feed-pump 
strokes)  * 
Economy  attributable  to 

turbines  2  per  cent. 

Economy  attributable  to 
less  displacement  -1  per  cent. 


100  percent. 
Lbs.  of  water  per  hour  , 

at  14  knots  •  45,000 

17  '    61,000 

20  89,000 

22  '    136,000 

28 
Coal  ^  consumed  under  easy  \ 
I      steaming  comUtimis  with  ' 
S  boilers  in  use :  \ 

Number  of  passages  between    90 
>      Heysham  and  Belfast         I 

Coal  per  (Passage.         .         .36*1  tons 
'  Time  at  full  speed        .        .  '  5*81  hrs. 
as  a  per-  j 


'  Manimiftn, "       Antrim. 


100  per  cent. 


20 


20*6 


,2V0 


23-12 

21-9 

200  lbs. 

'  200lbs. 

180  lbs. 
19  lbs. 
28-5 
520 

1 

590 

; 

191 

90  per  cent. 

1  too  i)€r  cent. 

centage   of   total   time 
under  steam 


85  '7  per  cent. 


45,000 

58,000 

83,000 

125,000 

173,000 


68 

39  6  tons 
5-35  hrs. 


46,000 
67,fJ00 
97,000 


77 

36-7  tons 
6-78 


79'h  percent.  I  85  S 


Donegal. 


20 
fSO-6 

.21-0 


I 


2V9 

I  200lbs. 

I  ... 

\25-0    ' 

191 


I  45,000 
I  67,000 
I  97,000 


81 

'  37 '2  tons 
I    6  07  hrs. 

I  87 '7  per  cent. 


1  Method  found  thoroughly  reliable,  when  compared  with  direct   measurement  by  tank,  by  the 
<;unard  Turbine  CommlBsion. 

2  Proceedings  Inst.  Naval  Arehiteets,  July  20, 1906. 
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Fio.  478. 


ENGINE  ROOM. 
Fig.  479. 

Figs.  478  and  479.— Midland  Ry.  Co. 'a  S.S.  Antrim  and  Dmeyal, 
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Fia.  480. 


TURBINE  ROOM. 

Fi«.  481. 

KiGS.  480  and  481. — Midland  Ry.  Co.'sS.S.  "  Londonderry '»  and  'Manxman." 


I 

I 


r  4r  ATTMrn  mmo  tmertoa  at  fomwiMO  mm 

Bu>(.  Flo   482.— lii^iiit  Eocm. 


& 


I 


ft; 

I 


2* 


2 


SMCTtON  AT  AFTKK  END 

Fig.  484.— Turbine  Room. 


•^ 


3 

4 
•s 

I 


i 
.a 


^ 


a 
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By  the  courtesy  of  Mr  William  Gray  of  Messrs  Biles,  Gray  & 
Co.,  who  designed  these  vessels,  many  details  not  previously 
published  are  included  above. 

Our  acknowledgments  for  illustrations  are  due  to  the  Institution 
of  Naval  Architects,  the  Midland  Railway  Company's  Officials, 
and  the  Editors  of  Engineering, 

T^BLB  CXLI. — BSVOLUTIONS  AND  SlIPS  OP  TURBINB  AND  RbGIPROCATING 

Enqined  Ship. 


Speed. 

"  lUazBuui.'' 

MeanRevolntionB 
per  Minute. 

Mean  Bevolutions 
per  Minute. 

Percentage  sup. 

ISknoto 

335 

16 

16      „ 

366 

16 

1S5 

16+ 

17      „ 

390 

17 

14^ 

16 

18      „ 

420 

18 

160 

15  + 

19      „ 

460 

19 

170 

15 

20      „ 

480 

20 

175 

n+ 

21      „ 

600 

21 

180 

1S  + 

22      „ 

530 

22 

1 

1 

23      „ 

580 

24 

... 

1 

Position  of  Starting  Platforms.— In  the  "Manxman"  the 
starting  platform  is  on  the  same  level  as  the  turbines;  in  the 
**  Londonderry  "  it  is  on  the  level  of  the  deck  above,  and  the  effect 
is  not  quite  so  satisfactory  in  respect  of  light,  or  overseeing  by  the 
engineer-in-charge. 

Fig  485  on  the  previous  page  is  reproduced  from  a  photographic 
view  looking  towards  the  port  side  of  the  ship,  and  shows  all  three 
turbines.  The  high-pressure  turbine  is  in  the  centre,  and  the 
mechanism  connected  with  the  governing  is  clearly  indicated. 

Governing  Turbines. — The  governors,  which  are  mounted  on 
each  shaft,  only  come  into  operation  in  the  event  of  a  breakdown, 
or  of  excessive  racing  of  the  propeller  shafts.  The  system  of 
centrifugal  governor  generally  adopted  in  Parsons  turbines  moves 
a  small  relay  plunger  which  regulates  the  steam  admitted  to  a 


Fio.  486. 


3 


H 


iS4 


45 
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Fio.  488. 


PLAH  AT  UPftm  OCCK 


BOILER  ROOM. 

Fio.  489. 

Fios.  488  and  489. —Midland  Railway  Co. 'a  Four  Steamers  **  Londonderry," 
'* Manxman,"  Antrim,  and  Donegal, 
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Fig.  490. 


BOILER  ROOM. 

Fig.  491. 

Figs.  490  and  491. — Midland  Railway  Co.'s  Four  Steamers  "Londonderry," 
1,"  Antrim  t  and  Donegal. 
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Fio.  492.— Weir  Beam  Air  Pump. 
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relay,  which  in  turn  actuates  the  main  throttle  valve,  generally  of 
the  balanced  double-beat  type.  The  exhaust  from  the  steam  relay 
is  utilised  for  the  steam  packing  of  the  end  glands.  Thus  the 
governor,  having  only  to  move  the  small  plunger,  has  very  little 
work  to  do,  and  therefore  can  be  made  very  sensitive.  The 
sensitiveness  is  still  further  increased  by  keeping  the  whole 
governor  gear  in  slight  movement  by  connecting  one  of  the  pivots 
of  the  levers  with  a  cam.  These  movements  are  so  rapid  as  not 
to  affect  the  even  turning  moment  of  the  turbine. 

Steam  By-pass  to  Intermediate  Stage.— On  the  top  of 
the  high-pressure  turbine  is  the  by-pass  valve  which  is  used  for 
the  admission  of  steam  at  full  pressure  to  an  intermediate  stage  on 
the  high-pressure  turbine,  so  as  to  increase  the  power — at  the 
expense,  however,  of  economy.  During  the  trials  of  the  Maiixinan 
no  such  high-pressure  steam  was  admitted  at  the  intermediate 
stage,  the  turbines  being  worked  to  the  full  degree  of  expansion. 

Steam  to  Glands,  etc. — The  pipes  for  the  admission  of  steam 
to  the  glands,  as  well  as  the  smaller  pipes  for  oil  and  water 
service,  are  also  shown.  The  passage-way  between  the  turbines 
leads  to  the  after-end  of  the  engine-room,  where  the  oil  pumps  are 
placed,  as  well  as  to  the  tunnels. 

Some  Test  Results. — Two  other  trials  were  made  over  the 
measured  mile,  and  the  results,  subsequent  to  the  official  test,  may 
be  given : — 

Table  CXLII.— Unofficial  Test  of  Midland  Railway  Co.'s  Steamer 

"  Manxman." 

Mean  speed  of  two  runs 23'141  knots 

Boiler  pressure  per  sq.  in 192  lb. 

Steam  m  high-preesure  turbine  .        .        .         .     180  ., 

„       low-pressure  turbine,  port    .        .        .20  lb. 

„  „  „  starboard        .     20  „ 

*  Vacuum  in  condenser,  port         ....     28*25  in. 

„  „  starboai-d  .         .  28*4   „ 

Revolutions  per  minute,  high-pre.ssure  turbine     .     533 

„                 „              low              „                   .     609 
Temperature  of  feed-water  leaving  heater  .         .180  deg.  Fahr. 
Air-pressure  in  stokehold 1  '5  in. 

Table  CXLIII.— Official  Test  of  Midland  Railway  Co.'s  Steamer 

"  Manxman." 

Mean  speed 22*65  knots 

Revolutions,  high-pressure  turbine     .         .  520 

Revolutions,  low-pressure  turbine       .         .  590 

*  Vacuum,  port 28*6  in. 

Vacuum,  starboard 28*4   „ 

I  The  vacuum  waa  read  by  a  mercury  column  connected  to  the  main  condenser  discharffc. 
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Augmenter  Condenser. — The  high  vacuum  was  maintained 
throughout,  frequently  as  high  as  29  in.,  by  the  use  of  a  "  vacuum 
augmenter."  In  it  the  air  pumps  are  placed  about  3  ft.  below  the 
bottom  of  the  condenser  (Fig.  486,  p.  705).  From  near  the  . 
bottom  a  pipe  is  led  to  an  auxiliary  condenser,  about  one- 
twentieth  the  cooling  surface  of  the  main  condenser,  and  in  a 
contracted  portion  of  this  pipe  a  small  steam  jet  is  placed, 
which  acts  in  the  same  way  as  a  steam  exhauster,  or  the  jet  in  the 
funnel  of  a  locomotive,  and  sucks  nearly  all  the  residual  air  and 
vapour  from  the  condenser,  and  delivers  it  to  the  air  pumps.  A 
water  seal  is  provided,  as  shown  in  Fig  486,  to  prevent  the  air 
and  vapour  returning  to  the  condenser.  Thus,  if  there  is  a  vacuum 
of  27i  in.  to  28  in.  in  the  condenser,  there  may  be  only  about  26 
in.  in  the  air  pump,  which  therefore  need  only  be  of  small  size,  the 
jet  compressing  the  air  and  vapour  from  the  condenser  to  about 
half  of  its  original  volume.  The  small  quantity  of  steam  from  this 
steam  jet,  which  is  only  about  1^  per  cent,  of  that  used  by  the 
turbine  at  full  load,  together  with  the  air  extracted,  is  cooled  down 
and  condensed  by  the  auxiliary  condenser,  which  is  generally 
supplied  with  water  in  parallel  with  the  main  condenser.  Con- 
densation in  a  condenser  takes  place  much  more  rapidly  and 
effectually  if  the  air  is  thoroughly  extracted  than  if  there  is  much 
air  present. 


Route 

.     •   . 

Allan  jjiue  o.o.  v^u. , 
.     Liverpool  to  Canada. 

UWk. 

Name  of  Vessel   . 

Pioneer  Turbine  Vessels 
for  Ocean  Service. 

ReciproccUing  Engines. 

*' Victorian." 
Oct.  1908 

"VirginiAn." 

I'unisian. 

Bavarian. 

Keel  laid     .        .        .        . 

Date  of  launch    . 

Aug.  25,  '04 

Dec.  22,  '04 

Jan. 17, 1900 

1889  " 

Maiden  voyage    . 
Name  of  builder . 

March  23,  *06 

Apr.  6,  '05 
Alex.  Stephen 

... 

... 

Workman, 

Alex.  Stephen 

Denny 

Clark  k  Co. 

k  Son 

ikSon 

Place       .... 

Belfast 

Linthouse  on 
Clyde 

Dumbarton 

VessePs  length  overall 

640ft. 

540ft 

520ft. 

520fi. 

Beam      .... 

60ft. 

60ft. 

59 

59 

Depth     .... 
Bulkhead  compartmentR . 

40ft.  6in. 
11 

41ft 
11 

4Sft, 

Wt^ 

Water-tight  spaces,  total . 

20 

20 

... 

... 

Draught .... 

274ft. 

29ift               1 

... 

Passenger  accommodation    . 
1st  class  .... 

1650 

1650                 1 

470 

470             '  eoo 

/tf5   " 

2nd  class. 

240 

240                    260 

ise 

drd  class .... 

940 

940 

£00 
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Pioneer  Turbine  Vessels 
for  Ocean  Service. 

"Victorian."  "Virginian." 

12,000               12,000 

Reciprocating  Engines. 

Name  of  Vessel  . 

Tunisian,     '    Bavarian. 

Gross  tonnage     . 

1 

Displacement 

... 

11,200 

10,000               10,000  (1) 

Speed,  knots  forward  * . 

194 

19i 

16 

Speed  per  hour  astern . 

... 

14 

Length  of  journey 

2580  "■ 

Best  day's  run  1st  voyage 

383 

408 

:.'.             ,  406   '" 

Average  running  speed : — 

Liverpool  to  Halifax   . 

1  Moville  to  Cape  Race,  1802 

14i 

17 

IS 

7  days  23  hrs. 

6  days  18  hrs. 

4daysl3lirs. 

4  days  6  hrs. 

miles 

Horse-power,  LH.P.    . 

12,000 

12,000 

9840 

Boilers        .... 

... 

2 

Maker     .... 

Workman 
'     Clark 

Stephen 

Stephen              Denny  ct  Co. 

Type       .... 

Single-ended 

Single-ended 

Si?igle-nided   ' 

Number  installed     . 

9 

9 

7                        7 

Rated  capacity  (lbs.    per 

17ft.   dia.    X 

hour) 

12ft. 

1 

Heating  surface,  total 

31,000 

30,800  sq.  ft. 

Grate  area 

797 

726  sq.  ft 

Draught  pressure  (water) 

3^in. 

... 

... 

Steam  pressure — lbs.   per 

180 

180 

... 

sq.  in. 
I*unnels : — 

1 

Number  .... 

1 

1 

'^ 

Dimensions 

18ft.  X  18ft. 
6in. 

... 

'  14ft.  diam. 

Superheaters 

none 

... 

... 

Shafts  :- 

Number  .... 

3 

8 

£                       2 

Diameter 

llin. 

ISin. 

Weight   .... 
Propellers  per  shaft     . 
Number  of  blades  each 

l(Fig.'616) 

Z         [t 

3 

,2 

Diameter 

7ft.  6in.  (new) 

8ft. 

1  16ft.  6in. 

Steam  Turbine  :— 

; 

Made  by. 

Workman 

Parsons 

... 

Clark 

Marine  S.T. 
Co. 

Type       .... 
Number  .... 

Parsons 
3 

8 

1 

Governor 

Parsons 

Number  of  separate  pieces 

1,600,000 

in  turbines 

High-pressure  Turbines  :— 

, 

!!9^umber  .... 

1 

1 

1           ... 

Position  .... 

Centre  shaft 

Centre 

1 

Revolutions  per  minute    . 
Low-pressure  Turbines  :— 

260/800 

270/300 

... 

Number  .... 

2 

2 

Position  .... 

Side  shafts 

Side  shafU 

Revolutions  per  minute    . 
Go-astern  Turbmes  :— 

260/800 

... 

Number  .... 

2 

2 

1           ... 

Position  .... 

Side  shafts 

Side  shafts 

1 

Revolutions  per  minute    . 

160 

1  Record  of  "  Campania,"  Queenatown  to  New  York,  2900  milea,  is  5  days  7  hours  23  min.  "  Victorian, 
best  run,  MoyiUe  to  Bimouski  6  days,  average  16- 4  knots,  205  tons  per  day.  Turbine  blade  clearance 
reduced  and  new  propellers  fitted,  1906. 
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Pioneer  Turbine  Yessels 

Reciprocating  Engines. 

for  Ocean  Service. 

Name  of  Vessel   . 

"Victoriftn." 

"Virginian." 

Tuni9ian. 

Bavarian. 

Rated  b.-p.  condensiDg 

... 

1 

Rated  h.-p.  non-condensing 

... 

,, 

For    comparison:    Recipro- 

... 

cating  Engines : 
Piston  Engines  :— 

Maker     .... 

... 

SUphen 

Denny 

Type 

Number  .... 

... 

THple  Exp. 
2 

THpU 
2 

Cylinders  diameters 

R.p.m.  full  sjMjed     . 

,,, 

86 

Stroke     .... 

Rated  power  condensing  . 

... 

9840  I.E.  P. 

Rated     power     non-con- 

... 

densing 

k 

Steam  consumed 

... 

Weight  of  steam  per  hour 
full  speed 

' 

Weight  of  steam  per  hour 
half  speed 

Coal  consumed  per  hour  (full 

8-3 

speed) 

1 

Condenser:— 

1 

Made  by 

W.  C.  k  Co. 

Denny              1 

Type       .... 

Horiz.  tubular 

... 

Horiz.  tubular 

Number  .... 

2 

J 

Surface    .... 

17,000  sq.  ft. 

Surface    of    *augmenter* 

condenser 

1 

Power     used     by     *aug- 

... 

... 

menter*  condenser 

Air  Pump : — 

Fig.  492 

Maker     .... 

Weir 

. 

... 

Type       .... 
Vacuum     maintained    at 

Beam 

... 

Off  levers 

28in. 

m 

full  speed 

Temperature  of  discharge 

80 

at  full  speed 

Steam  per  hour  used  at 

... 

... 

... 

full  speed 

Air  pump  barrel  diameter 

31  in.  X  21in. 

... 

and  stroke 

Steam  cylinder  diameter . 

llin.  x21in. 

Strokes  per  minute . 

... 

Circulating  Pump : — 

20in."' 

Made  by. 

Allen 

1 

Ounfnn             i 

Type       .... 

Centrifugal 

' 

Centrifugal 

Steam  per  hour  at  full  speed 

... 

...                     ... 

Weight  of  circulating  water 
per  unit  weight  of  steam 

z      i 

1 

Temperature  suction 

50 

... 

1 

discharge     . 

70 

Electric -lighting  Engine  ;— 

Maker     .... 

Belliss 

1 

Bellies 

Type       .... 

Enclosed 

'.'.'. 

Enclosed 
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Name  of  Vessel 


E.  W.  capacity  each 
Position  . 


Pioneer  Turbine  Vessels 
for  Ocean  Service. 


Eeciprocating  Engines. 


'•Victorian."!"  Virginiftn."'     Tunisian.     \     Bavarian. 


\ 


Tween  decks  | 


Teleipaph  system  and  print-  '  Marconi 
mg  outfit  I 


Illustration  of  vessel 


Illustration  of  turbine  details 
Illustration    of    condensing ' 

plant 
Feed  Pumps  :— 

Made  by  ... 

Type       .... 

Number  .... 

Water  cylinder  diam.  stroke 

Steam  cylinder  diameter  . 

Capacity  per  hour    . 

Steam  consumed  per  hour 
Oil  circulation : — 

Steam  consumed  per  hour 
fFeighU:- 

Boilers,  including  water  . 

Turbine  machinery  . 

Main  reciprocating  engines 

Shafting .... 
Total . 

Costs 

TestJiesulls:  — 

Number  of  boilers  in  use  . 

Guaranteed  speed,  knots 
per  hour 

Six  hour  trial  speed 

Mean  speed  on  measured 
mile 

Maximum  speed  on  meas- 
ured mile 

R.p.ra.  of  turbine    . 
When  firing  all  boilers 

Guaranteed  speed     . 

Mean  speed  on  measured 
mile 
Steam    pressure    at    boilers 
per  sq.  in. 

In  h.p.  receiver 

In  l.p  receiver 
Vacuum,  inches  mercury     . 
Revolutions  per  minute  h.p. 

turbine 
Revolutions  per  minute  l.p. 

turbine 
Kp.m.  reciprocating  engines 


Fig.  493 

Fig.  494,  515  I 


I 


Weir 
Vertical 
2 

14in. 

19in.  x30in. 
11  strokes  per 
min. 


8 
17 

18-5 
19 

194^ 

2602 (298) 

17 
19 

180 

170 
25 
28 
297 

300 

None 


17 


I  Bottom 
I  /on/i 
I  Marconi 


pkU- 


!  Weir 
Vertical 

\2 


17-96 


1  The  l.p.  turbine  weighs  78  tons.  ^  This  speed  and  revolutions  per  minute  with  (estimated) 

12,000  H.P.  on  March  16th,  1905,  off  Skelraorlie.  Other  tests  made  on  Clyde,  March  20th,  1906  (bottom 
not  cleaned  before  trials  after  lying  up  3  months),  and  included  here  with  data  and  photos  on  p.  778, 
Figs.  515  and  616,  by  courtesy  of  Chief  Engineer.  J.  W.  Hendry. 

^  400  tons  weight  saved  by  turbines.    J.  H.  Bile^  LL.D.,  British  Association,  19()5. 
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Service Cunard  S.S.  Co. 

Route Liyerpool  to  New  York  and  Boston. 

Type Mercantile  Cruisers. 


TURBINB  StEAMBRS. 


ReeijnxKOiii'j 


Nnmc  of  Veniiel 

i  Date  of  laying  keel  plate 
Date  of  launch 
Date  of  con)]>letion  . 
Name  of  builder 


Place  .         .         .         . 

Vessers  length  overall 
Between  peqMindicular 
Breadth 
Inchidiufi;  rolliiigchooks 

Depth  moulded 


,,      keel  to  roof  navig. 
bridge 

,,      keel  to  funnel  top. 

.,  ,,      mast  top    . 

Boat  deck    . 

Draught 
Passenger       accommoda- 
tion and  crew 

let  class 

2nd  „ 

3rd    „ 

Steerage 

Officers  and  crew 
Gross  tonnage . 


**Oar- 


"SoBi- 
tania." 


'Mauri-      Ordered 


-I 


May  17,  , 
,  1904  I 
I  Feb.  21,  ' 
1905 

Nov.  1905' 

,  John 
Brown 
k  Co. 


Cnyde- 
bank 

e)72ift. 

650 

72ift. 

52ft"* 


90ft. 

144ft. 

205ft. 

80 

33Jft. 

3100 

300 

350 

1000 

1000 

450 

19,520 


I 


Displacement  . 


Speed  forward 
,,     astern   . 
Length  of  journey   . 

1  •'  C'aronia  "  equal  to  the  • 


30,900 
tons 


21  knots 


1906 

John 
Brown 
ACo. 


I 


Clyde- 
bank 
I  785ft. 
760 

'  88ft. 

60ft 


I 


38  or  34ft. 


30,000 


25  knots 


I 


tania.' 


.  July  1905. 


1906 


i  End  1907 


Swan      Sl  ^  John 
Hunter  I      Brown 


and 
Wigham 
Richard- 
son. 
Wallsend 

785ft 

88ft."* 

60ft 


&Co. 


Clyde- 
bank 
780ft. 


Caruni* 


SepL     :f/, 

190S 
July     13, 

1904 
Jan,     ;?.?, 

1905 
Joftn 

Brotm 

dr  Co. 


Clyde- 

banJc 

'  678/1. 

fJSO 

Sheuir  d. 
52ft. 

Boat  deck- 
soft. 


ar.i 


lS$.t 


60V 
,  65iry 

I 


.97 

ssn. 

25ft. 

3200 

SOO 

600 

S60 

40fJ 

1000 

700 

1000 

550 

21,000 

12.95V 
ami 

12,:^ 

30,000 

To  be  larg- 

, suwo 

IS^O'^J 

est  &hi]> 

!     Urns 

tons 

ever 

built 

25  knots 

19-5 

... 

I 


Saxonia/'  tested  by  Navy 
13*4  lbs.  steam 
11-3    „        .. 
1-19    „    eoul 


Builer  Committee,  Engineering^  723,  Dec.  1st,  li^c> 
per  I.H.P.H, 
„  lib.  coal. 
,.  I.H.P.H. 
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Turbine  Stramebs. 

Reciprocatiiig, 

"Oar. 

Name  of  Vessel        .         .|   ^^  „ 

i 

"Susi. 
tania." 

25  knots 

<*l[aiiri. 
tania." 

1  2.*^  knots 

Ordered 
1  July  1905. 

1  Caro7iia, 

Campania 

and 
Lueania. 

Average  ranning  speed     . 

18  knots 

1         ... 

18 

2£  knots 

Quickest  run  Queenstowu 

64      days 

... 

1         ...           7day8  esti- 

5d.7hr. 

and  New  York 

estimated 

mated 

£S  m. 

Horse-jK)wer  I.H.P. 

21,000  to 

75,000 

1  75,000          60,000         !S1,000   to 

26,000   to 

22,700 

estimated 

estimated  >  estimated 

^£,700 

30,000 

Boilers:  — 

1 

Maker. 
Number  installed 

... 

i 

8  double- 

25 

25 

••• 

8  dotible- 

12  di^ibU- 

ended 

ended 

ended 

5    single- 

5  single- 

5i7igle- 

ended 

ended 

ended 

Furnace  diameter 

20ft 

1                    ' 

... 

Rated  capacity  (lbs.  per  ' 

hour) 

Heating   surface,   total    49,300  sq. 

... 

8£,000  sq. 

1      ft. 

A 

Grate  area    .        .         .  ,  1200  sq.  ft 

... 

... 

£6S08q.ft, 

Draught  pressure 

Howden's 

... 

... 

... 

(water) 

Steam  pressure  (lbs.  per 

196 

... 

£10 

166 

sq.  in.) 

Funnels:— 

185ft. 

Number 

2 

4 

4 

\g 

2 

Diameter     . 

Fig.  506— 

p.  727         ,         ...         ' 

... 

Superheaters  . 

None 

...        1        ... 

Propeller  Shaas:  — 
Number 

3 

4 

4 

4                   g 

Diameter     . 

m 

... 

.  Weight 

Propellers  per  shaft  :— 
Number  of  blades  each 

... 

... 

3 

... 

...         1         ...           4 

Diameter     . 

14ft. 



... 

Steam  Turbine  :-- 

Made  by      . 

J.    Brown 
&Co. 

... 

... 

Number 

Parsons 
3 

4 

4 

4 

:;: 

High  -  pressure        Tur- 

bines:— 

1      Number                       .  i  1 

2 

2 

... 

Position       .         .        .  ;  Centre 

Each 
outer 

same 

'..'. 

... 

1 

shaft 

Revolutions  ])er  minute 

... 

t . . 

1  Low-pressure  Turbines: — 

Fig.  496 

... 

... 

1      Number 

1 

2 

2 

Position       . 

Wing 

Each 

same 

1                    1      inner 

1      shaft 

' 

Diameter  of  rotor 

lift. 

•  • 

1 
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Turbine  Stbamerb. 

1 
Beciprocating.        1 

1 

Nmw  of  Vessel 

mania." 

Sift. 

"flusl- 
tania." 

**  Mauri- 
tania." 

Ordered 
July  1905. 

Caronia. 

Campania 
and      1 
Litcania. 

Length  of  rotor   . 

Revolutions  per  minute 
Go-astem  Turbines  :— 

••. 

... 

... 

... 

... 

z 

Number 

1 

2 

2 

Position      . 

wing 

Each 

same 

... 

inner 

' 

shaft 

1 

Bevolntions  per  minute 

..« 

Rated   horse-power   non- 

... 

... 

condensing 

1 

For  comparison :  Recipro- 

Height from  shaft 

cating  Engines : 

centre,              80ft. 
Height  from  bed,  86ft. 

Piston  Engines : — 

Maker 

... 

... 

... 

Type  .... 

... 

Quadruple 
Expan- 
sion 

THpie 

Number 

2 

2 

Cylinders  diameters 

... 

!!!     1     Z 

S9in., 

S7in., 

S4iin,, 

S7in., 

77in.y 

79in., 

llOin, 

98in. 

Revolutions  per  minute 

... 

... 

... 

... 

full  speed 

1 

Stroke 

... 

... 

\66in.- 

69 

Rated   power  condens- 

... 

... 

... 

10,500 

... 

ing 
Rated  power  non-con- 

densing 

Pressure 

... 

... 

... 

For  both    Turbines   and 

1 

Reciproeating  Engines  : 

1 

Steam  consumed 

... 

1 

Weight  of  steam  per  hour 

... 

... 

... 

full  speed 

1 

1 

Condenser : — 

j 

1 

Made  by      . 

... 

... 

... 

Number 

... 

... 

1 

Z     1     '.'.! 

... 

Surface 

82,400 

... 

\  £7,000 

... 

If  any  *  augmenter ' — 

Surface  of 

... 

Power  used  by . 

... 

Air  Pump 

21 

1 

Maker                          .     Weir 

Type  .        .                 .  j  Twin 
Vacuum  maintained  at 

...        '         ... 

;;;    i 

fall  speed 

1 

\ 

1 
1 

1  "  Cannania  "  has  also  two  double  dry-air  pumpe  20  in.  diam  7  in.  stroke. 
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Turbine  Steamers. 


Nams  of  Vessel 


Temperature    of    dis- 
chki^ge  at  full  speed 

Steam  per  hour  used  at 
full  speed 

Air   pump  barrel  dia- 
meter and  stroke 

Steam  cylinder  diameter 

Strokes  per  minute 
Circulating  Pump   . 

Made  by      . 


'Oar. 


Type 


Suction  diameter . 
Steam  per  hour  at  full 


Weight  of  circulating 
water  per  unit  weight 
of  steam 
Temperature  suction    . 
,,  discharge 

Electric  -  lighting     En- 
gine 
Maker 

E.  W.  capacity  each 
Position 

Illustration  of  vessel 
Illustration  of  Turbine  de- 

taUs 
GomparUon  with  Secipro- 

eating  Vessel,  Figs.  501/3 
Illustration  of  Propellers . 
Feed  Pumpe : — 

Made  by      .        .        . 

Type  .        .        .        . 

Number 

Water  cylinder  diam. 
„      stroke , 

Steam     cylinder     dia- 
meter 

Capacity  per  hour 

Steam    consumed    per 
hour 


88in.,  21in. 
12in. 

2 

W.  H.  Al- 
len 

4ift.  disc, 
centri- 
fugal 

2  open  en- 
gines, 
I4in. 
diam., 
12in.  S. 

28in. 

60 


75  E.W. 
Orlop 

deck 
Fig.  496 

496/500 


498 

Weir 
Direct 
4  pairs 
lOin. 
24in. 


<8iiBi- 


505 


*«  Mauri- 
tania.** 


Ordered 
July  1905. 


Reduced  from  Engineering, 


Reciprocating, 


Caronia, 


Two    cen- 
trifugalj 
driven 
byttoo 
engines 
each. 


Campania  \ 

and 
Lmania, 
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Fio.  498.  — Propellers  of  **  Oarmania,"  Cunard  Line. 
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Fig.  49<». 


D 


00   -^  ..-l/f^La 


Fig.  600. 
Figs.  499  and  500.— *•  Carmania's"  Turbine-Room :  Elevatiou  and  Plan. 
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Figs.  501  and  602.— "Carouia's"  EDgine-Koom  :  Elevation  and  Plan. 
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TUEBINB  StKAMRRS. 

Rseiprocating.         ' 

Name  of  Vessel 

Hotwell  pumpe 
Made  by      .        . 
Diameter     . 
Stroke 

Oil  circulation  :— 

Steam  consumed  p.  hour 
Willis :-- 
Boilers,  including  water 
Turbine  machinery 
Main  reciprocating  en- 
gines 

Shafting      . 
Total . 
Saving  of  weight  over  re- 
ciprocating engine 
CosU       .... 
Test  BesuUs  :— 
Number  of  boilers  in  use 
Guaranteed  speed,  knots 

per  hour 
Six-hour  trial  speed 
Mean  speed  of  four  runs 
on  measured  mile 

"Oar- 
mania.*' 

Unnamed, 

•• 

Ordered 
July,  1906. 

Caronia, 

Campania 

and 
Ltuania, 

2 

Weir 
12iin. 
24in. 
4  Weir 
pumps 

201*9' 

2 

2%  to  8% 

same 

... 

... 

mania's" 
weight 

19  "' 

19'45 
19'6» 

::: 

::: 

... 
... 

1  Each  l.p.  tarbine  weighB  34U  tons. 

3  Each  l.p.  turbine  will  weigh  about  420  tons.    "  Carmania's'"  turbines  contain  1,116,000  blades. 


Fio.  603.  Fio.  604. 

FiQS.  503  and  604.— Cross- Section  ''  Cai-mania  "  and  "  Caronia  "  Engine-Rooma. 
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Table  CXLIV.— Results  of  Official  Trial  "Cabonia." 


RevolutioTUs  per  minute 
I.H.P.  port  . 
LH.P.  starboard  . 
Total  LH.P. 
Boiler  pressure 
H.P.  receiver  pressure 
1st  LP.  receiver    , 
2i\d  LP.  receiver  . 
L.P.  receiver 
Air  pressure  in  ashpits 
Mean  speed  of  ship 


lbs.  per  sq,  inch 


Mean  of  4  Runs. 


.  knots 


ATenge  for  12 
Houn. 


89-2 

88'S 

10,986 

lOMO 

10,884 

10,610 

21,870 

21,050 

205 

205 

194 

19S 

98 

95 

48 

46 

1V5 

11 

'7in. 

'7in, 

19-62 

19'45 

Type American  Turbine  Vessels. 


Name  of  Vessel 


I  "Eevolu 
tion." 


Date  of  launch 
Name  of  builder 


Place  .... 
Vessel's  length  overall 
Length  between  per|>en- 

dicular 
Beam  .... 
Beam,  including  rolling 

chocks 
Depth,  uj^per  deck  to 

keel 
Draught 
Displacement . 


1902 


178ft 
140 

17ft. 


7ft. 


Turbine  * 
Steamship 

Co., 
Toronto. 


*'Tur. 
binia" 

(the  second) 


Mar.  30, 
1904 

Hawthorn, 
Leslie,  k 
Co.,  Ltd. 

England 

260ft. 

250 

33ft.3 


20|ft. 
1350  tons 
1100* 


Private 
Yacht. 


Designer 

T.  B. 

Taylor, 

221  Mercer 

Street, 
New  York. 


30ft. 
5ft. 

3ft. 


U.S.A.  Navy  Turbine  Vessels. 


Armoured 
Cruiser.' 


1905  (?) 


14,000  tons 


Scont 
*  Salem.' 


420ft 
46§ft 


16}ft. 
3750  tons 


Soont 
'GhoBter." 


420ft 
468ft. 


16ift 
3750  tons  i 


1  To  suit  canals  between  St  Lawrence  river  and  Hamilton. 

3  A  second  for  this  service,  but  American  built,  was  announced  by  Th€  Engineer,  p.  471,  Nov.  11th,  1904. 

s  The  Engineer,  Feb.  24th,  1905.  *  Marine  Engineer.  January  1906. 
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1 

Turbine 

i 

Steamship 
Co., 

Private 
Yacht. 

U.S.A.  Navy  Turbine  Vessels. 

Toronto. 

1   Designer 

Taylor, 

221  Meroer 

Street, 

1 

1 

Name  of  Vessel       . 

**Eevoln- 
tion." 

"Tnr. 
binia" 

(the  second) 

Armoured       Scout 
Cruiser.    |  "Salem." 

1 

Scent 
"Chester." 

New  York 

1 

Speed  forward 

18-46 
knots 

1 

'  24  knots 

24  knots 

Speed  per  hour  astern 

1 

Length  of  journey  . 

... 

... 

... 

Average  running  speed    . 
Horse-power  I.H.  P. 

18 
1800 

50o6"" 

16,000 

16,0*66 

Boilers ; — 

Maker 

Seabury 

... 

•.. 

Type  ...        . 

Double- 
ended 

Single- 
end 

... 

... 

...        1 

Number  installed 

2 

2 

1 

...        1 

Length 

10ft.  6in. 

... 

1 

Diameter     . 

17ft.  «in. 

Furnaces 

4  Morison 

... 

Diameter     . 

42in. 

Heating  surface,  total . 

... 

6688  sq.  ft. 

..  • 

... 

;;;    | 

Grate  area   . 

94  sq.  ft. 

182  sq.  ft. 

... 

Draught  pressure 

„} 

y 

!!! 

(water) 

1 

Steam   pressure  —  lbs. 

2602 

160 

... 

.. 

250 

260             1 

per  sq.  in. 

Heating     surface     pei 
LH.P. 

1-97 

1 

...         1 

Heating  surface  per  sq. 

... 

36-7 

... 

... 

ft,  grate 

LH.P.  per  sq.  ft  of  grate 

18-7 

1 

Superheaters  . 

... 

!'.!        1  Probably 
I    none 

none 

Shafts  :— 

Number 

2 

3 

13 

4 

... 

Diameter 

... 

5iin. 

... 

' 

Propellers  per  shaft 
Number  of  blades  each 

1 

Bronze 

1 

1                ' 

3 

2 

... 

IiengUi  of  blades . 

... 

6ins.  long  , 

... 

Diameter     . 

4ft.  Gin. 

49in. 

1 

... 

... 

Pitch  .     •  . 

3ft.  4in. 

44iu. 

12in8.'        i 

...        ' 

Steam  Turbine : — 

1 

Made  by      . 

Parsons 

1         ...        1  Parsons 

Curtis        , 

Marine 

1                       turbine 

turbine 

Steam 

1                   1 

Turbine 

,                   1 

Co. 

\ 

! 

1 

1  Produced  by  small  Curtis  turbine,  2800  revolutions  per  minute. 

s  H.P.  turbine  122  lbs.;  L.P.  turbine  46  lbs.;  Vacuum  27^  inches. 

s  The  shaft  is  inside  a  15-inch  diameter  tube  between  hull  and  keel,  beginning  6  feet  abaft  the  bow,  and  ending 
6  feet  forward  of  stem,  and  is  geared  to  turbine.  Engineering  Times^  p.  418,  September  Ist  904.  Bepeated 
inquiries  by  letter  bring  no  news  of  testa. 
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Name  of  Vessel 


Nambe 


Hieh-pressuie  Turbines  :— 
fl'uinber 
Position 

Revolutions  per  minute 

Low-pressure  Turbines : — 
I      Number 
I      Position 

I      Revolutions  per  minute 
,  Go-astern  Turbines  :— 
I      Number 

Position 


'      Revolutions  per  minute 
I  Rated    horse-power    con 

densing 
j  Rated   horse-power    non 
I      condensing 


I  Steps  of  blades 
'      Each  row 


Diameter:  inches 

,,         outside  case 
Length — feet 


of  blades 


Clearance    . 
Condenser : — 
Made  by 
Type  .        . 


*  Revoln- 
tion." 


Curtis 
Two  inde- 
pendent 
turbines, 
two-stage 
compound 
reversible 


650  max. 
250  min. 


Vaues  on 
outer  rims 
In  casing 

of      2nd 

stage 


Turbine 
Steamship 

Co., 
Toronto. 


**Tur. 
binia" 

(the  second) 


Parsons 


1 
centre 

shaft 
650 


2 

each  side 


Private 
Yacht. 


Designer 
T.B. 

Taylor, 
221  Mercer 

Street, 
New  York 


U.S.A.  Navy  Turbine  Veasela. 


Armoured 
Cruiser. 


,lp. 

I  5 


h.p. 
7 
5  toi 

7  I 
40     I  48 
48       56 
8  ft.  I  lift. 
6iu.  lOin.-* 
\\  ins.  to 

6  ins. 
0-03  ins. 


Soont 
'  Salem.  < 


Scout 
'Chester.' 


500 


1  Steam  enters  through  four  nozzles  into  l8t  stage,  where  it  expands  from  265  Ibt.  per  iq.  inch  absolute  to  16 
lbs.  per  sq.  inch  absolute.  It  passes  through  another  set  of  four  nozzles  into  2nd  stage,  where  it  expands  to  leas 
than  1  lb.  per  sq.  inch. 

s  Godhead  6  feet  6  ins.,  go-astern  6  feet  6  Ins.,  total  11  feet  0  ins. 
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Name  of  Vessel 


Number 
Surface  of  each 


Diameter  of  intake 
Injection     . 

Auxiliary  pomp  . 
Power  uaea  by     . 

Air  Pnmps: — 
Number 
Maker. 
Type  ...        . 

Vacuum  maintained  at 
full  speed 

Barometric  pressure 

Temperature  of  dis- 
charge at  full  speed 

Steam  per  hour  used  at 
full  speed 

Air  pump  barrel  dia- 
meter and  stroke 

Steam     cylinder     dia- 
meter 
Strokes  per  minute 
Circulating  Pump ; — 
Made  by     . 
Driven  by  engines 

Steam  per  hour  at  full 


I 


!      Weight  of   circulating 
I         water  per  unit  weigh  t 

of  steam 
I      Temperature  suction    . 
i  „  discharge. 

I  Electric-lighting  Engine : 

Maker 

Type  .        .        .        . 

K.W.  capacity  each 
Position 


*  Bevolu- 
tion." 


2 

1100     sq. 
ft. 


20  ins. 
"Bottom 

scoop" 
steam 
4  ins.  X  4^ 

ins. 

2 

Double 
Blake 
28  ins. 

not  stated 


6  ins.  xl2 
ins.  X  8 
ins. 


Turbine 
Steamship 

Co., 
Toronto. 


"Tnr- 
binia" 

(the  second) 


Private 
Yacht 


Designer 

T.  B. 

Taylor, 

221  Mercer 

Street, 
New  York 


2,  9ins. 
X  Tins. 
I  200  r. p.m. 


Curtis        ! 
turbine  ( 


U.S.  A.  Navy  Turbine  Yesseh*. 


Armoured 
Cruiser. 


Scout  Scout 

*  Salem."  *' Chester."! 


50  per  cent  more  sur- 
face than  in  sister 
ship  with  recipro 
eating  engines. 
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Turbine 

Steamship 
Co., 

Private 
Yacht. 

U.S.  A.  Navy  Turbine  Vessels. 

Toronto. 

Designer 

T.B. 

Taylor, 

221  Mercer 

Street, 

Name  of  Vessel 

^"^"^        i(the  second) 

1 

Armoured 
Cruiser. 

Soont 
«  Salem.*' 

Soont 
"Chester.'' 

1 

New  York 

Feed  Pumps  :— 

Made  by      . 

... 

... 

Type  .... 
Number 

Blake 
2 

Woodeson 
2 

... 

... 

... 

Water    cylinder     dia- 

6  ins.  X  9 

... 

... 

meter 

ins.  X  3| 
ins.  X  8 
ins. 

Stroke     . 

... 

... 

Steam  cylinder  diameter . 

28ins. 

... 

Capacity  per  hour   . 

... 

... 
... 

Steam  consumed  per  hour 

,,, 

Oil  circulation : — 

Blake 

Two  Weir 

... 

;;; 

duplex 

1 
1 

2  ins.  X 

1 

Uin.x 

2i  ins. 

Steam    consumed    per 

... 

... 

' 

hour 

Pressure 

... 

51bs. 

... 

... 

WeighU  ;— 

1 

Boilers,  including  water 
*  Turbine       machinery 

140  tons 

1 

8f  lbs",  per 
I.  H.P. 

58 

•••      ! 

throttle  to  exhaust 

Shafting      . 

...         |6                 j         ... 

... 

Auxiliary  machinery    . 
ChsU 
Tests  .... 

:::    i 

See  pV  738 

See  p."  784          W.        ' 

!!. 

Engine-room      staff     for 

3400  H.P. 

estimated  H.P. 

1  engineer! 

1 

1  oiler  and 

water 

1 

tender 

! 

8  firemen 

1  coal 

1 

passer 

1 

1  Reciprocating  engines  of  torpedo  boats  11^  lbs.  per  I.  H.P.  The  turbines  in  RbvcIxMou  had  never  been  apart 
since  first  put  up,  covering  a  period  of  1}  years,— Report,  U.S.  Navy  Bureau  of  Steam  Engineering,  Oct.  6th,  19U3. 
Trials  under  control  of  Professor  B.  Denton  from  96  to  1100  brake  horse-power. 


Tests  of  the  "Revolution." — Tests  have  been  made  to 
determine  the  power  given  out  by  the  turbines.  A  length  of 
torsion-shaft  was  inserted  in  the  tail  shafting,  and  apparatus  was 
provided  for  ascertaining  the  angle  of  torsion.  At  the  same  time 
the  steam  condensed  during  the  tests  was  pumped  into  measuring 
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tanks  ou  deck.  The  trials  were  under  the  control  of  Professor 
James  K  Denton.  Tests  were  made  at  various  powers,  ranging 
from  96  brake  horse-power  to  1100  brake  horse-power  per  turbine, 
and  Professor  Denton  reports : — "  The  economy  from  the  turbine 
is  therefore  probably  quite  equal  at  full  power  to  that  afforded  by 
average  high-speed  marine  triple-expansion  engines,  and  it  is  nearly 
the  same  for  one-tenth  of  full  power."  He  adds,  that  by  an 
improvement,  which  he  suggests,  the  water  consumption  can  be 
considerably  reduced.  The  weight  of  each  turbine,  from  its 
throttle  valve  to  the  exhaust  pipe  flange,  is  8  J  lb.  per  indicated 
horse-power,  and  the  space  occupied  is  one-tenth  of  a  cubic  foot 
per  indicated  horse-power.  The  indicated  horse-power  is  arrived 
at  by  adding  a  percentage  to  the  brake  horse-power.  The  Revobi- 
tion  commenced  her  trials  in  April  1902,  and  has  been  running 
for  many  months.  No  repairs  whatever  have  been  made  on  the 
turbines,  and  so  far  there  has  been  no  appreciable  wear.  Three 
pairs  of  screws  were  designed  and  built  for  the  boat  before  the 
trials  commenced.  The  speed  proved  to  be  very  nearly  the  same 
with  all  of  them,  although  the  revolutions  of  the  turbines  varied 
from  750  to  600  per  minute.  As  the  displacement  of  the  vessel 
is  18  per  cent,  more  than  the  builders  estimated,  none  of  the 
screws  is  exactly  adapted  to  the  conditions  {Enghuering,  December 
11th,  1903,  p.  806). 

1800  I.H.P.  was  developed  at  672  revolutions  per  minute, 
using  18*14  lbs.  per  I.H.P.  in  these  two-stage  Curtis  turbines. 
(From  Professor  Denton's  tests,  Jour,  Am.  S.N. A.,  November 
1903.) 

Quick  Stop  Trials. — Kunning  full  speed  ahead,  then  sud- 
denly reversing  both  turbines,  the  vessel  came  to  a  standstill  in 
32  seconds. 

Curtis  Turbine  vers^is  Reciprocating  Engines. — Recip- 
rocating engines,  built  especially  light  for  U.S.  torpedo  boats, 
weigh  11^  lbs.  per  I.H.P.,  as  compared  with  8f  lbs.  per  equivalent 
I.H.P.  of  the  Curtis  turbines  in  the  Revolutia/i. 

Oil  Consumed  by  Reciprocating  Engines. — One  gallon 
of  oil  per  ton  of  coal  burnt  was  given  as  a  rough  figure  for  the  oil 
consumed  in  marine  reciprocating  engines,  by  The  Stea^mship, 
August  1904,  p.  43. 

Turbinia  (the  second). — Passage  to  America,  Stornoway  to 
Sydney,  Cape  Breton,  6  days.  Average  speed  17^  knots  per  hour. 
Coal  capacity  110  tons. 
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Table  CXLV.— -"  Turbinia ''  (the  Sboond)  Trials. 


Fressures. 


On  Lake  Ontario.! 


'  Boiler — ^Ibs.  per  sq.  in. 

In  pipes       .... 
I  H.r.  Turbine  —lbs.  per.  sq.  in. 

l-*'!^'  >»  »  » 

Vacuum,  mercury 

„       astern  turbine 
Barometer    .... 
Distance,  miles  (5280  ft.) 
Time,  minutes 
Coal— lbs.  per  I.H.P.  hour  . 
Feed  water,  temperature  F. 
Evaporation — lbs.  per  lb.  coal 
Rp.m.  centre  Turbine 
R.p.m.  starboard  wing . 
Revolutions  per  minute  port  wing 
Oil  pump  pressure — lbs. 
Temperature  injection  water 
„  discharge 


Resralar  Rans. 


160 

135 

160 
140 

122 

90 

115 

45 

32 

40 

27iin. 

27in. 

26iin. 
28in. 

i\\ 

3ii 

Z 

80 

86/90 

... 

1-46 

... 

178' 

8 

. .. 

. . . 

... 

650/575 

640 

600 

680 

600 

688 

7 

52"  F. 

94"  F. 

Service Belgian  State  Railways. 

Roii^e      ......     Dover-Ostend. 


Turbine  Vessels. 


Name  of  Vesnel "  Ind^pendance.  **  ^ 


**PrinceB8 
Elisabeih."^ 


Date  of  launch       .... 
Name  of  builder    .... 

Place     

Vessers  length  over  all  . 

Length  between  per^tendicular    . 

Beam 

Beam,  including  rolling  chocks  . 

Depth,  upper  deck  to  keel  . 

Depth,  ]iromenade  deck  to  keel  . 

Draught 

Passenger  accommodation 
Speed  forward       .... 
Horse-power — '  I.H.P.'  estimated  . 
Boilers:— 

Type.        .  .         .         . 

Number 

Steam  Turbines  :— 

Made  by 

Number 

Type 


Mar.  80,  1905 

Societe  A. 

John  Cockerill 

Hoboken,  Belgium 

357ft. 

365ft 

344ft. 

844ft. 

40ft. 

1              40ft 

424ft 

344 

15ft.  (?) 

30ift. 

23ift. 

... 

9Jft. 

9ft  7in. 

1000 

23  knote 

24  knots 

12,000 

1 

,  150  lbs.  ])eT8q.  in. 

Multitubular 
8 

Parsons 

3 

I 


1  This  was  tenth  veesel  added  to  fleet  of  nine  reciprocatiog  yessels.  The  '*  Prinoew  CUmentine" 
hat  reciprocating  engines  of  9000  I.E.?. 

2*'PriDoe88  Ellubeth"  has  19,800  sq.  ft  heating  Burfaoe,  484  sq.  ft.  grate,  H.F.  turbine  in 
centre  and  I.p.  on  each  side,  600  R.p.ra.,  16  knots  speed  astern.    Bndders  fore  and  aft 
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NarMofVtud  , 


No.  248. 


Date  of  launch 
Date  of  trial 

I  Name  of  builder 


Place       .... 
Vessel's  length  overall 

Length  between  i»erpendicular .  ' 
Beam 

Beam,  including  rolling  chocks 
Depth,  upper  deck  to  keel 
Depth,  promenade  deck  to  keel 

Passenger  accommodation : — 

Armament .        . 


Displacement 
Speed  forward,  knots  . 
Speed  astern,  knots 
Length  of  journey 
Average  running  speed 
Horse-power  nominal . 
Boilers: — 
Maker 


Dec.  1902,  Jan. 
'      1903 

Soci^te  des 
Forges  et 
Cliantiers  de 
la  M^diter- 
ran^e 

Havre 

I 


No.  298. 


Mar.  17,  1904 
Jane  1904 

Augustin  Nor- ! 
mand  k  Cie 


No.  294. 


i^J 


pe 
fumber  installed 


Rated  capacity  (lbs.  uev 

"     "  *  tal 


Heating  surface,  tota 
Grate  area 
Draught  pressure  (water) 
Steam  pressure  per  sq.  in 

Steam  pressure  per  sq.  cm. 
Funnels : — 

Number . 

Diameter 
Superheaters  :— 

Maker  .  . 


hour) 


TVpe        .        .        . 
Heating  surface,  total 
Grate  area,  if  separately 
Fired 
Capacity . 

Degrees  superheat  added 
Shafts  :- 
Number . 
Diameter 
Weight  . 
Angle  with  horizontal 


92  tons 


1800 


2 


Havre 

130ft       (89-6 
metres) 

14ft.    "*  (4-26 
metres) 

2-65m. 


A  bow  and  a 
deck  torpedo 
tube.  Two 
37  mm.  guns 

94*6  tons 

26 


1950  I 

Normand  1 

I  water  tube         ' 
2 

262  sq.  m. 
6 '37  sq.  m. 
0-lm. 

250  lbs.  (17-5 
Kgs.) 


2 

0-73m. 

none 


(lironde 


18 
nearly  18 


1  Hall  designed  for  reciprocating  engines.    An  ordinary  torpedo-boat  hull. 

3  It  would  have  been  24  knots  per  hour  with  shafts  suitably  placed.  The  conditions  laid  down 
have  created  such  dlfflcultles  that  Professor  Bateau  stated  before  the  Institution  of  Naval 
ArchitecU,  Mar.  26tii,  1904,  it  had  been  impouible  to  get  a  satisfactory  speed. 
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Name  of  Vessel  .... 

No.  248. 

No.  298.       ,       No.  291 

Propellers,  per  shaft    . 

1                        1 

Propellers,  total .... 
Number  of  blades  each 

8  (1904) 

3 

2 

6    61 

... 

6                         ' 

Diameter         .... 

4    3 

... 

Slip 

various  trials 

22 '2  per  cent 

... 

Steam  Turbine:— 

Made  by 

Sautter,  Harle 

Parsons              1  Breguet  -  de 

k  Co.,  Paris 

M.S.T.  Co.,  '      Laval 
Ltd.               1 

Type 

Rateau  Multi- 
cellular, de- 
signed 1899 

... 

Number 

2 

4,  and  2  astern 

2 

Rudders 

... 

Fore  and  aft 

Cruisinc  Turbine : — 
Number 

1 

Position 

Centre  shaft 

... 

Revolutions  per  minute   . 
High-pressure  Turbine  :— 
Number 

... 

... 

... 

1 

1 

Position 

Port  shaft 

Storboard 
shaft 

Revolutions  per  minute  . 

... 

... 

Intermediate-pressure  Turbine  :— 

Number 

1 

1 

Position 

Starboard 
shaft 

Port  shaft 

Revolutions  per  minute    . 
Low-pressure  Turbine : — 

1800 

... 

Number  .... 

... 

1 

1 

Position 

Centre  shaft 

Centre  shaft 

Revolutions  per  minute   . 
Go-astern  Turbmes  :— 

... 

Number 

... 

Position 

A  single  ring 
inside      l.p. 
end  of  eacn 

In  aft  end  of 

... 

low-pressure 

turbine 

main  turbine 

Revolutions  per  minute  . 

Rated  horse-power  condensing     . 

... 

... 

„             „          non-condensing 

Steam  consumed 

See  p.  737 

Weight  of  steam  per  hour  full 

speed 
CJoai  burned  per  hour  full  speed  . 

!2000Kg8. 

... 

Condenser : — 

Made  by          .         .         .         . 

... 

Normand 

... 

Air  pump  driven 

by  worm  gear 
from   centre 
shaft 

... 

Circulating  Pump  :— 

1 

Photo  of  vessel   .... 

Fig.  606 

Stern,  showing  propellers   . 

Fig.  607            1 

1 

1  Tht  Engineering  Timet,  J  une  10th,  1904,  p.  162.  Torpcdo-Boat  No.  248  will  receive  five  three- 
bladed  propellerB. 

a  Fig.  886,  p.  212,  Sognowtki  shows  three  shafts.  Th€  Engineer,  Sept.  16tb,  1904,  p.  270.  aajs 
two  shafts. 
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French  Navy:  Torpkdo-Boats— con/inM«/. 


Name  of  Vessel  .... 

No.  243 

No.  298. 

No.  294. 

Feed  Pumiw:  — 

1      Made  by          .... 

Weir 

i  Feed  heater  by   '.         ! 

Main  and au.xy. 
Normand 

1  Oil  circulation : — 

Steam  consumed  i>er  hour        .'             ...             i 

,  Filter  by 

1  Normand 

JVeuihU:- 

Boilers,  including  water  . 

\  19-800 

Turbine  machinery . 

^      Main  reci})rocating  engines      . 

...                         ... 

Shafting          .... 

i                      Total 

TeHReaxUts:— 

Guaranteed  speed    . 

20  knots            1  24  knots 

Mean  speed  on  measured  mile . 

21                         26-66 

I      Number  of  runs  avera^ged 

3 

Mean  spewi  2  hours  continuous 
run 
'      Revolutions   [ler   minute  h.p. 

•26-2 

! 

1120 

turbine                                                                 , 

at  18  knots, 

Revolutions    i^r   minute    l.p.                              | 

unofficial 

turbine 

Consumption  of  steam  during—                                 \ 

8  hours'  trial  at  14  knots  \m' 

764lbs.perhoui 
(847  Kgs.) 

hour 

Condition  of  vessel . 

Rather  foul 

... 

'  No.  243  has  been  tried  with  six 

,          different  .  arrangements     of 

propellers,  in  liairs  and   by 

threes  on  each  shaft  :— 

Highest  speed  at  full  power     . 

18  to  21  knots 

... 

Corresponding  to  variation  of 
efficiency  of 

40  per  cent. 

Results  of  two  trials 

Tables  pp.  740, 

741. 

Tablb  CXLVI.— -Tkst  Results  of  a  Rateau  Turbine  drivi^ju  a  Three- 
PHASE  Alternator.  (Duplicate  op  Turbine  in  French  Torpkdo- 
BoAT  No.  243.) 


Revolutions  per 

AdmlMion  Fresaare 

steam,  Lbs.  per 

ThermuUyu. 

Eiflciency  per 

ceut 

Minute. 

Lbs.  per  3q.  In. 

Hour 

4()0 

80 

8,000 

49 

500 

92 

9,000 

51 

600 

106 

10,400 

52             1 

700 

118 

11,600 

53 

800 

132 

13,000 

54 

900 

145 

14,000 

»» 

1000 

157 

15,300 

1             " 

1100 

170 

16,700 

>« 

1200 

183 

17,900 

1 

47 
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The  tests  were  made  under  the  direc^tioii  of  French  Admiralty 
engineers  on  a  liquid  resistance  *  load,'  the  turbine  tested  l)eing 
a  duplicate  of  that  installed  in  French  Torpedo  Boat  No.  24/>. 

The  efficiencies  represent  the  following  ratio: — 

T^ffi  /        ,  _  elective  power  developed  on  turbine  shaft 

power  in  steam  consumed,  assuming  no  loss 
between  pressure  of  admission  and  pressure  at 
exhaust  into  condenser.  (See  Figs.  236,  237, 
pp.  358,  359.) 

The  values  tabulated  were  obtained  by  reducing  the  speed  of 
rotation  to  ilie  uniform  speed  of  1700  revolutions  per  minute,  and 
the  condenser  vacuum  to  26  inches  of  mercury. 

The  test  gave  54  per  cent,  etticiency.  The  original  estimated 
value  is  stated  to  have  l)een  5*'>  per  cent. 

At  full  power — 

Steam  ])ve.'*siire  on  admission  .     145  lbs.  per  sq.  m 

Revoliitiona  per  minute         ....     900^ 

Total  steam  jjer  hour 14,000  lbs. 

Steam  jKir  effective  H.P.  hour  on  shaft  1.5*2  Ibs.- 

Efficiency  as  defined  above  .  .54  per  cent. 

Effective  H.P.  on  shaft  ^-i^  .920  H.P. 

lo*2 

1  Profesior  Rateati,  before  Institution  of  Naval  Architects,  Mar.  26tli,  1904. 
'^  At  ISOO  R.p  m.,  the  siieed  for  which  the  turbine  was  deaii^ned,  the  efllciency  Is  rather  higher 
and  consumption  lower. 

Tablk  CXLV II.— French  Torpedo-Boat  No.  243.    Fitted  with  Ratkau 

Turbines. 
Trials  run  December  (Uh,  1902. 
Four  propellers,  20*9  inches  diameter, 
23*G  inches  pitch. 

Number  of  Trial  ;        1.  II.  III.  IV.  V. 


I 


!  Speed-  knots — (mean    of   2  '  i 

runs)        .  .  14-9         16-69        18-73        18-83    '     2089 

Revolutions  per   minute   of 
turbine     ....       1051  1213         1386         1392         1556 

Effective    pressure    on    ad- 
mission  to   h.p.   turbine,  I  ;  I  I 
i      lbs.  per  sq.  in.  .        .        .      104-5     '       80      i         i       j     99*5  115 

Condenser  vacuum,  inches  of  |  I 

mercury   .         .  .  '     264  26 4  26       ,     26*4      '     26-8 

Mean  slip  of  propellers         .      27  9%    ,     311%  |     30*4%,     31*1%       31-6% 


>  Gauges  failed.    Pressure  therefore  noi  recorded. 
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Table  CXLVIIL— French  Torpedo-Boat  No.  243. 

TriaU  run  January  22/id,  1903. 

Six  propellers:  diameter,  23*6  in.  ;  i>itcli,  19'7  in. 


Number  of  Trial 


Speed  of  vessel  (in  knots) —  j 

mean  of  three  runs   . 
Rotation  of  turbines — revol-  ; 

iitions  per  minute     . 
Effective  pressure  of  steam 

on  adnussion  to  turbines 
I      — lbs.  per  sq.  in.        .         .  | 
Condenser  vacuum— ins.   of  | 

mercury   .        .         .        .  i 
Mean  slip  of  propellers 


I. 

1707 
1348 

68-2(J 

28 

21-7% 


II. 

I9r)9 

1572 

100-98 

28 

23% 


III. 


2(t-94 


1748 


27 

26% 


IV. 


21-26 


1774 


129-42  132-26 


27-5 
26% 


Table  CXLIX.— French  Torpedo-Boat  No. 
Trials  rim  June  1904. 


i 

Per  Horsepower  Hour. 

Speed— Kuota. 

Draught. 

, 

Kuul. 

Kteaii). 

14 

N.itunil 

^  Same  as  at  26  knots 

Same  as  at  21  knot? 

19 

Less  tlian  at 
14  knots 

Less  than  at 
U  kuoU 

20 

More  than  at 
19  knots 

M'-re  ihau  at 
19  knots 

21 

The  'cruising'  turbine  runs  idle 
above  this  >peed 

)0ve  21 

Le<s  than  at 
20  knots 

262 

3*9  ins.  (100  mm.) 
water  gauge 

■ 
Same  as  at  14  knots 

Same  as  at  19  knots 

1  Eight  hours'  trial  at  14  knots,  361  kgs.  of  coal  per  hour. 
'<2  Two  hours'  full  speed  trial,  26*205  knots  average. 
„  „  „  26*638  knots  maximum. 
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1 

1 

m       1  • 

German  Merchant  Marine. 

I 

"•^r-     ^5^ 

Hamburg- 

_                         _     1 

American. 

Name  of  Vessel 

"Lttbeck." 
Mar.  26, 1904 

"Wacht." 

8125. 

1904 

One.           "Kaiser.'' 

Date  of  launch 

1904              Apr.  8,  1905 

Name  of  builder 

Stettiner                                    F.  Schichan  :  Howaldt's  i     **  Vulcan'* 

Maschi- 

nenban        ' 

A.-G.                                  1 

"Vulcan'' 

Place  .... 

Stettin-                        .             lilbing             Kiel 
Bredow 

Stettin 

Trials  bM;aii    . 
Vessers  length 

May  1905                                  Sept  1904 

Aug.  1905 

108-8  metres.  ;           ..             68-3  metres, 

96  metres, 

S40/t'                                       ^08/L 

SlSJt, 

Vessel's   length    between 

1 

92  metres. 

perpendiculars 

{som^) 

Beam  .... 

18*2  metres, 

7  metres, 

11-65  metres, 

48ft. 

iSft. 

S8S/1. 

Depth 

7*75  metres, 
25'4fL 

... 

... 

7 -20  metres, 
23-5ft 

Draught 

6  metres. 

1  -8  metres. 

3  03  metres, 

16  •4ft 

6  •9ft 

lOft 

Displacement 

3250  tons 

418  tons 

500  tons 

1950  tons 

Gross  tonnage 

•  •• 

... 

Si)eed  forwai-d 

28-88  knots     . 

28^92  knots    1 

20-46 

yf     astern   . 

16-8         ; 

Length  of  journey    . 

1           ...           ' 

Average  running  speed     . 

i           ...           1 

Horse-power  I.H.I*. 

10,000/                       ...           '7000 

1 
1 

12,000                                                           1                     I 

1  Boilere    ... 

4 

1      Maker 

Vulcan                                   1  Schlchau                             Vulcan 

Type 

Number  installed 

\Vater-tub>>                              ,  Water-tube    '         ...           Water-tube 

10                                     '3 

Rated  capacity  (lbs.  per 

hour) 
Heating  surface,  total  . 

.... 

i 

1             ...             I 

Grate  area    . 

i     Draught  pressure  (water) 

Howden's 

Steam  pressure    . 

14kg8.per 

1 

sq.  cm. 

1 

1                       200  lbs.  per 

1 

1                         sq,  in. 

Funnels : 

Number 

l:i 

2 

Diameter 

1 

1          •••            1 

•  Superheaters  . 

'  none 

none 

Shafts  :— 

■ 

Number 

4 

3 

|2 

Diameters    . 

195  and  162 

... 

Propellers,  iH»r  shaft 

Kxjwrimental 

1  and  2 
8 

one                         ...           1  each  shaft 

Niunber  of  blades  eacli 

3                     j 

Diameter 

... 

■ 

... 

The  Hamburg  Is  sister  ship  to  the  LUbeck,  but  has  reciprocating  eDgiBes. 
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German  Turbine 
Cruisers. 


Name  of  Vessel 


Steam  Turbine : — 
Made  by 


Type 


Cruising  Turbines : — 
Number 

Position 


Eligh-pressure  turbines : — 
Number 
Position 

Revolutions  per  minute 
Low-pressure  Turbines : — 
Number 
Position 

Revolutions  per  minute 
Go-astern  Turbines : — 
I      Number 
Position 


*Lttbeck." 


j  Rated   horse-power    coii- 

'     densing 

I  Rated  horse-power    non- 


Turliiniay 
Deutsche 
Parsons 
Marine 
A.G. 

Brown- 
Boveri- 
Parsons 

One  h.p., 
.  onel.p. 
Couplea 

with  1.  p. 

shafts 

2 

Inner 
shafts 


2 

Outer 
shafts 


2  coupled 
with  h.p. 
turbines 
and  2  in 
back  casuig 
of  l.p. 
turbines 

11,000 


I  Steam  consumed 
I  Weight  of  steam  per  hour  i 
'     fall  speed 

I  Coal  burned  per  hour  full 
speed 


Condenser : — 

Made  by 

Tjrpe  . 

Number 

Surface 
Air  Pump : — 

Maker 


I 


Vulcan 
Surface 
Two  of 
500  sq.  m. 

2  Weir 


'Wacht." 


Turbine 

Torpedo- 

Boat. 

German  Me 

S125. 

One. 

TurUnia, 
Deutsche 
Parsons 
Marine 
A.G. 

Brown-  ^ 
Boveri- 

Parsons 

Escher, 

Wyss&Co. 

Zurich 

Zoeliy 

One  h.p., 

one  l.p. 
Couplea 
with  outer 
shafts 

Inner 
shafts 

... 

2 

Outer 
shafts 

2 

2  in  back 
casing 
of  l.p. 
turbines 


I  Schichau 

Surface 
I  Two  of  280 


Weir 


Hamburg- 
American. 


*Eai8er." 


A.E.G. 
Berlin 

Curtis 
None^ 


600 

2 

enclosed  iu 
l.p.  turbine 


6000 


4060  kgs.  per 
hour  at  20 
knots 


1 "  Kaiser  "  total  weight  of  turbines  114  toDB. 


Fio.  608. 
Figs.  508  to  SIO.—Gernjaii  Cruiser  *'  Lfibeck."    Stem  View 
Length  340  Ft.,  Breadth  43  Ft,  Draught  16  Ft.  6  Ins.     Displacement  3250  Tons. 

Trials  commenced  March  1905.     (Photos  supplied 


Fig.  509. 


Fio.  610. 
and  Two  Views  of  Port  Propellers. 

Speed  guaranteed  22  Knots,  8  Experimental  Propellers.     Launched  1904. 
by  Messrs  Turbinin  D,  Parsons  Marine  A.O.) 
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Fig.  512. 


Fig.  513. 

Figs.  512  and  613. — Two  Views  of  Turbines  of  German  Torpedo-Boat 
**S  125,"— 8  Shafts. 

{Photos  supplied  by  TurHnia  Deutsche  Parsons  Marine  AM.^  Berlin.) 
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German  Turbine 
Cruisers. 


Turbine 

Torpedo 

Boat. 


German  Merchant  Marine. 


Haml'org- 
Ammcan. 


Xame  of  yess^l 


Lttbeck/' 


*Wacht.' 


S125. 


One. 


Tyiie 


Viftcuum  maintained  at 
full  speed 

Teni|ierature     of     dis- 
charge at  full   siicd 

Steam  per  hour  used  at 
full  s{)eed 

Air  fiump   barrel   dia- 
meter and  stroke 

Steam  cylinder  diameter 

Strokes  per  minute 
Circulating  Pump : — 

Made  by 

Tyiie  .... 

Steam  per  hour  at  full 


Vulcan 

Two 

ordinary 


Weight  of  circulating 
water  per  unit  weight 
of  steam 

Temperature  suction 

Temperature  discharge 
r^Iectric- Ugh  ting  Engine  .    Two 

Maker 


l'.^. 


K.  W.  ca|)acity  each 

Position 

Illustrations 


Brown- 

Boveri 
Parsons ' 
45K.W. 

pp.  744,  745 


lnd({iendent 
dry  air 
pump 


pp.  746,  747 


p   I  // 


1  The  German  navy  has  ordered  3U  Parauns  tnrbi  les  f>it-  ti>  iiiinob. 


Table  CL.—  RKCORI)  Coal  Coxsumptiux— (MJeciprocating  Engines). 


Service. 

Vessel's  Name. 

Per  I.H.P.  Hour. 

French  cruiser 

Du petit  ThnanrA 

1-2!  lbs. 

1   Kiissian  cniisser 
BritiKh  cruiaer 
BriliKh  cruiser 

Hay  an 

Vengftnice 

Drake 

1-4      „ 
1-55    ,, 

>  The  Kngineer,  Decemlter  2Srd,  1904,  p.  «!»6. 

The  Hamburg  Heligoland  S.S.  Co.  has  a  turbine  vessel  2000  tons,  300  ft.  long,  38  ft  lieani.  20 
knota,  with  2  shafts  driven  by  CortU  turbines  boilt  by  "  Vulcan/'  Stettin. 


CHAPTER  XXIV 

BIBLIOGKAPHY  ^ 

While  no  claim  to  completeness  is  put  forward  for  this  Biblio- 
graphy, it  is  nevertheless,  exclusive  of  library  compilations, 
probably  as  exhaustive  as  any  which  is  yet  available  to  the 
general  reader.  It  comprises  not  only  the  books  and  articles  to 
which  the  writers  have  had  occasion  to  refer  in  the  course  of  their 
own  studies  of  the  subject  of  **  Steam  Turbine  Engineering,*'  but 
.  also  a  large  number  of  references  published  from  time  to  time  in 
technical  periodicals. 

The  Bibliography  is  divided  into  five  sections,  dealing  respec- 
tively with  the  following  subjects : — 

PAOK 

Section  A. — Steam    Turbine    Engineering    in    General,    and 

Descriptions  of  particular  Types  of  Turbines    .  below 

„       B.— Particular  Plants 762 

„       C— Superheated  Steam 768 

„       D. — Condensing  Plant 771 

„       E. — Marine  Installations •.  773 

The  references  in  each  section  are  arranged  in  the  order  of 
their  dates. 

SECTION  A. 

STEAM  TURBINE  ENGINEEEING  IN  GENEEAL,  AND 
DESCEIPTIONS  OF  PAETICULAE  TYPES  OF  TUEBINES. 

1888. 

"  Description  of  the  Compound  Steam  Turbine  and  Turbo- Generator,*-  C.  A. 
Parsons  (  Proc.  Inst.  Meek,  Engrs.,  p.  480,  Aug.  1888). 

1889. 

"  Notes  on  the  Steam  Turbine,''  J.  B.  Webb  {Amer,  Soc.  Meek,  Engrs,  Trans., 
vol.  X.  p.  680,  1888-1889). 
1  For  the  preparation  of  this  Bibliography  the  authors  are  indebted  to  Mr  F.  R.  Senior. 
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1896. 

"  Tests  of  a  10  H.P.  de  Laval  Steam  Turbine,"  W.  F.  M.  Gobs  {Amer.  Soc. 

Meek.  Engrs.  Trans.,  vol.  xvii.  p.  81,  1896). 
**  Tests  to  show  the  Influence  of  Moisture  in  Steam  on  the  Economy  of  S.T.  " 

{ibid.,  xviii.  p.  699,  1897). 

1899. 

"Heat  Engines  and  Steam  Turbines,"  C.  A.  Parsons  {Electrician,  xliv.  pp. 
83-84,  Nov.  10,  1899.  Presidential  Address  to  the  Institution  of  Junior 
Engineers). 

1900. 

"Steam  Turbines"  {Elec.  World  and  Engineer,  xxxv.  pp.  308-313,  March  3, 

1900). 
"Parsons  Steam  Turbine"  {Amer.  Electrician,  xiL  pp.  124-127,  March  1900 ; 

also  Mech.  Engineer,  v.  pp.  409-411,  March  24,  1900). 
"Steam  Turbines"  {Avyer.  Electrician,  xii.  p.  133,  March  1900). 
"Steam  Turbines,"  R.  H.  Thurston  {Amer.  Soc.  of  Mech.  Engn.  Trajw.,  xxii. 

p.  170,  Dec.  1900). 
"Steam  Turbines,"  F.  Hodgkinson  (Paper  read  before  the  Engineers'  Society 

of  Western  Pennsylvania,  Xov.  20,  1900,   Railroad  Gazette,  xxxii.   pp. 

867-860;  Dec.  28,  1900). 
"Steam  Turbines"  {Amer.  Electrician,  xiL  p.  566,  Dec.  1900). 
"  Rapport  sur  les  T.  k  Vapeur,"  Rateau  {Congrh  /.  de  M.,  Paris,  1900). 

1901. 

"  Steam  Turbines"  {Elec.  Rev.,  N.Y.,  xxxviii,,  Jan.  5,  1901). 

"Steam  Turbine"  {Engineering,  Ixx.  pp.  830-831, 1900 ;  also  Electrician,  xlvi. 

pp.  425-428,  Jan.  11,  1901). 
"  Teste  on  a  300  H.P.  de  Laval  Steam  Turbine,"  W.  Jacobson  {Zeitidvr.  Vereines 

DetUsch.  Ing.,  xlv.  pp.  150-161,  Feb.  2,  1901). 
"Steam  Turbines  for  Electric  Lighting"  {Feilden's  Mag.,  p.  364-369,  March 

1901). 
"Seger  Steam  Turbine"  {Genie  Civil,  xxxviii.  pp.  313-315,  March  9,  1901). 
"Steam  Turbine,"  J.  A.  Ewing  {Electrician,  xlvii.  pp.  254-256,  June  7, 1901). 
"  Steam  Turbine  Trials,"  C.  A.  Parsons  and  G.  G.  Stoney  {Inst.  Mech.  Eng.  Proc., 

iv.  pp.  797-812.     Glasgow  Eng.  Congress  (Section  III.),  1901). 
" Brown-Boveri  Steam  Turbine"  {Zeitschr.  Vereines  Deutsch.  Ing.,  xlv.  p.  1583, 

Nov.  2,  1901). 
"The  Future  of  the  Steam  Turbine,"  W.  E.  Warrilow  {Elec.  Review,  Nov.  16, 

1901). 
"  Teste  of  the  de  Laval  Steam  Turbine,"  E.  Lewicki  {Zeitschr.  Vereines  Deutsch. 

Ing.,  Nov.  20,  1901). 
"The  Steam  Consimiption  of  the  de  Laval  Steam  Turbine,"  A.  Schmidt 

{Zeitschr.  Vereines  DetUsh.  Ing.,  Nov.  23,  1901). 

1902. 

Recherches  Exp&imentales  sur  V:^coulemeni  de  la   Voyeur  de  VEau  Chande^ 

par  A.  Rateau.     Paris  :  Dunod,  1902. 
«  Brown-Boveri-Parsons  Steam  Turbine"  {Vlnd.  Electr.,  April  10, 1902,  p.  147)l 


BIBLIOGRAPHY  751 

"Steam  Turbine,"  F.  Hodgkinson  {Proc,  Natl.  Elec.  Li.  Assom.^  25th  Con- 
vention, Cincinnati,  Ohio,  May  1902,  p.  617). 

"Steam  Turbine  at  Hartford,  Conn."  (Pojcer,  N.Y.,  xxii.  pp.  1-3,  July  1902). 

"Steam  Turbines,"  S.  E.  Fedden  {EUdrician,  xlix.  pp.  522-623,  July  18. 
Discussion,  pp.  588-591,  Aug.  1,  1902.  Paper  read  before  the  Municipal 
Electrical  Association). 

"Steam  Turbine"  {ZeiUchr.f.  EUk,  p.  369,  July  27,  1902). 

"Tests  on  Steam  Turbines  at  Hartford,  Conn.,"  W.  L.  Robb  {EUctr.  World 
and  Engineer,  xl.  pp.  360-361,  Sept.  6,  1902). 

"The  New  Westinghouse  Stean^ Turbine"  {Amer,  Electrician,  xiv.  p.  478,  Oct. 
1902). 

"Steam  Turbines"  {Power,  N.Y.,  xxii.  pp.  40-41,  Oct.  1902). 

"  Commercial  Aspect  of  the  Steam  Turbine,"  E.  H.  Sniffen  {Street  Rly.  Review, 
xii.  pp.  723-730,  Oct.  11,  1902 ;  and  Elec,  World  and  Engineer,  p.  623, 
Oct.  18, 1902.    Paper  read  before  the  Amer.  Street  Rly.  Assoc.,  Oct.  1902). 

"Steam  Turbines,"  K.  Andersson  {Intt.  Eng.  and  Shipbuilders^  Trans,,  xlvi. 
pp.  9-34,  Nov.  1902). 

"  Teste  of  a  de  Laval  Steam  Turbine  "  {Power,  N.Y.,  xxii.  pp.  20-21,  Nov.  1902). 

"  Turbo- Alternators,"  W.  B.  Woodhouee  {Electrical  Times,  xxii.  pp.  818-819, 
Dec.  4,  1902). 

"The  Utilisation  of  Exhaust-Steam  by  the  combined  application  of  Steam- 
Accumulators  and  Condensing  Turbines,"  by  Prof.  A.  Rateau  {Proc.  Inst. 
Mining  Engrs,,  Newcastle-on-Tyne,  Dec.  13,  1902). 

1903. 

"Friction  in  the  Bearings  of  High-Speed   Machines,"  0.   Lasche  {Zeits^r. 

Vereines  Deutsch.  Ing,,  xlvi.  pp.  1881-1890,  Dec.  13,  1932-1938,  Dec.  20, 

and  pp.  1961-1971,  Dec.  27,  1902  ;  Trac.  and  Trans.,  Jan.  1903). 
"  Steam  Turbines  and  Heat  Engines,"  A.  Stodola  {Zeitschr.  Vereines  Deutsch. 

Ing.,  xlvii.  pp.  1-10,  Jan.  3,  47-54,  Jan.  10,  127-131,  Jan.  24,  164-171, 

Jan.  31,  202-206,  Feb.  7,  268-275,  Feb.  21,  334-341,  Mar.  7,  and  p.  620, 

Apr.  25,  1903.     Report  read  before  the  Hauptversaumilung  des  Vereines 

Deutech.  Ing.  at  Diisseldorf,  1902). 
"Steam  Turbines  from  the  Operating  Standpoint,"  F.  A.  Waldron  (Amer.  Soc. 

Mech.  Engrs.  Trans.,  xxiv.  p.  999,  1902). 
"  Steam  Turbine  "(/n«^.  ^71^.  and  Shipbuilders'  Travis.,  xlvi.  pp.  35-48,  Jan., 

and  pp.  52-63,  Feb.  1903.     Discussion  on  Paper  by  K.  Andersson). 
"  The  Brady  Steam  Turbine"  (Elec.  Rev.,  lii.  pp.  68-69,  Jan.  9, 1903). 
"  Operation  of  Steam  Turbines  with  Highly  Superheated  Steam,"  E.  Lewicki 

{Zeitschr,  Vereines  Deutsch.  Ing.,  xlvii.  pp.  441-447,  Mar.  28,  pp.  491-497, 

Apr.  4,  and  pp.  525-530,  Apr.  11,  1903). 
"Curtis  Steam  Turbine,"  W.  L.  R.  Emmett  {Elec.  World  and  Engineer,  xli. 

pp.  609-612,  Apr.  11,  1903  ;  also  Electrician,  lii.  pp,  160-161,  Nov.  20, 

1903.    Paper  read  before  the  American  Philosophical  Society,  Philadelphia , 

Apr.  2,  1903). 
"Rateau  Steam  Turbine"  {Street  Rly.  Joum.,  Apr.  18, 1903). 
"  Recent  Steam  Turbine  Applications,"  G.  L.  Parsons  (Gassier,  xxiv.  pp.  64-70 

May  1903). 
"  Exhaust  Steam  Turbines,"  C.  Dantin  {Engineering,  Ixxv.  pp.  743-746,  June 

5,  1903). 


752  STEAM  TURBINE  ENGINEERING 

•*  Teste  of  a  Steam  Turbine  and  Electrically-Driven  Shops,"  F.  A.  Waldron 

{Amer.  Soc,  Mech.  Engrs.  Trans.,  xxiv.  No.  0983,  pp.  1-31,  1903  ;  and 

Eng,  Record,  xlvii.  pp.  698-699,  June  27,  1903). 
"The  Pareonfl  Steam  Turbine,"  G.  R.  Dunell  (Trac.  and  Trans.,  viii.  pp.  31-45, 

Sept,  1903). 
ThSorie    Sl4fmentaire    des    Turbines   a    Vapeur,   par  M.  A.   Rateau.      Paris : 

Dunod,  1903. 
"Recent  Development  of  the  Steam  Turbine,"  A.  Rateau  (Eng,  Mag.,  xxvi. 

pp.  49-61,  Oct.  1903). 
"The  Modern  Steam  Turbine"  {Machy.  Market,  Oct.  1, 1903). 
"The Critical  Speed  of  Steam  Turbines"  {Elec,  Rev.,  liii.  pp.  676-577,  Oct.  9, 

1903). 
'•  Some  Notes  on  Turbo-Electric  Generating  Plants,"  G.  Wilkinson  {Elec.  Rev,, 

liii.  pp.  690-694,  Oct.  30,  1903.     Paper  read  before  the  Leeds  Local  Section 

of  the  Inst.  Elec.  Engrs.,  Oct.  22, 1903). 
"  Electric  Governor  for  Steam  Turbines,"  American  Patent  No.  742300,  1903, 

of  W.  L.  R.  Emmett  and  O.  Junggren  {Elec.  Rev.,  N.Y.,  xliii,  pp.  748- 

749,  Nov.  21,  1903). 
"Continuous-Current  Generators  directly  coupled  to  Steam  Turbines,"  M. 

Zinner  {ZeUschr.f.  Elektrotechn.  JVien,  xxi.  pp.  663-667,  Nov.  29, 1903). 
"Steam  Turbines  in  Europe,"  E.  Guarini  (Power,  N.Y.,  xxiiL  pp.  676-678, 

Dec.  1903). 
"  Tests  of  Steam  Turbines  for  the  Cleveland,  Elyria,  and  Western  Rly. "  {Amer. 

Hoc.  Naval  Engineers,  xv.  4,  p.  1247,  Nov.  1903 ;  and  Street  Rly.  Joum., 

xxii.  pp.  1063-1064,  Dec.  19,  1903). 
"  Renter  Multiple-Stage  Steam  Turbine"  {Mech.  Engr.,  xii.  p.  763,  Dec.  5, 1903). 
"Electric  Coupling  for  Dynamos  driven  by  Single-acting  Steam  Turbines" 

{Mech.  Engr.,  xii.  p.  796,  Dec.  12,  1903). 
"4000    Horse-power    Brown-Boveri- Parsons    Steam   Turbine"   {Elektrotechn. 

Zeitschr.,  xxiv.  p.  1034,  Dec   17,  1903). 
^'  Improvemento  to  Increase  the  Efficiency  of  Steam  Turbines  at  Light  Load^  " 

{Mech.  Engr.,  xxii.  pp.  830-831,  Dec.  19, 1903). 
''Self -Centering   of  Flexible  Shafte  as   in  the  de  Laval  Steam  Turbine," 

Soinmerfeld  {Zeiischr.  Vereines  Devisch.  Ing.,  xlvil  p.  1868,  Dec.  19,  19a3). 
"  Westinghouse  Steam  Turbine"  (Mech.  Engr.,  xii.  p.  863,  Dec  26, 1903) 
The  Steam  Turbine,  R.  M.  Neilson,  2nd  edition,  1903.     London :   Longmans, 

Green  &  Co, 

1904. 

"Recent  Steam  Turbine  Developmente,"  W.   L,   R.   Emmett  {Amer.  Street 

Railway  Assoc.  Report,  pp.  63-70.    Discussion,  pp.  70-84,  1903-1904). 
"  On  Steam  Turbines,'  Prof.  Dr.  ing.  Riedler  {Jahrbiich  der  Schiffbautechnischen 

Geselischafi,  v.  p.  249,  1904.     Discussion  by  Grauert,  Marine  Rundschau, 

Jan.  1904). 
"  High-Power  Westinghouse- Parsons  Steam  Turbines"  {Eng.  Rec.,  Jan.  2, 1904) 
"  The  Design  of  Steam  Turbine  Discs,"  Foster  {Engineer,  Jan.  8, 1904). 
"  Steam  Turbine  and  Reciprocating  Engines,"  J.  H.  Barker  {Elec.  Rev.,  Jan. 

8,  1904). 
" Westinghouse- Parsons  Turbo  Unite"  {Street  Rly.  Joum.,  xxiii.  pp.  73-75, 

Jan.  9,  1904). 


BIBLIOGRAPHY  763 

"  Mitteilungeniiber    Dampfturbinen    von   Brown- Bo veri- Parsons,"   0.   Reidt 

{Z,  d,  V,  d.  Ing„  Jan.  23,  1904). 
"  Riedler-Stumpf  Steam  Turbine,"  R.  H.  Smith  {EiigiiieeT^  xcvi.  pp.  587-588, 

Dec.  18,  and  pp.  611-612,  Dec.  26,  1903  ;  also  Meek,  Engr,,  xiii.  pp.  356- 

369,  Mar.  12,  1904). 
Theory  and  Construction  of  Steam   Turbines,   P.  Stierstorfer,  1904.     Leipzig : 

Oskar  Leiner. 
"  Westinghouse  Steam  Turbines  of  Large  Output"  {Amer.   Electrician,  xvi. 

pp.  60-61,  Jan.  1904). 
"Steam  Turbines,"  Riedler  (Elektr.  Bahnen,  Jan.  1904). 
"  Turbo- Alternators  and  Double-Current  Generators  for  Glasgow  "  (EUetrieiany 

Hi.  pp.  442-443,  Jan.  8,  1904). 
''  Experiments  on  the  Flow  of  Steam  frcmi  Apertures  and  Nozzles  of  Various 

Forms,"  M.  F.  Qutermuth  (Zeitschr.  Vereines  Deutsch.  Ing.,  xlviii.  pp.  75- 

84,  Jan.  16, 1904.     Communication  from  the  Maschinenbau  Laboratorium 

der  Technischen  Hochschule,  Darmstadt). 
*  Experience  with  an  Installation  of  Brown- Bo veri-Parsons  Steam  Turbines," 

O.  Reidt  {Zeitschr,   Vereines  Deutsch,  Ing.,  xlviii.  pp.  118-121,  Jan.  23, 

1904). 
"  Electric  Governing  of  Steam  Turbines"  (Western  EUctricixin,  xxxiv.  p.  69, 

Jan.  23,  1904). 
"  Steam  Consumption  of  the  Turbo- Alternator  "  {Engineer,  xcvii.  p.  108,  Jan. 

29,  1904). 

•*  Convention  of  the  North- Western  Electrical  Association"  {Elec.  World,  Jan. 

30,  1904). 

"  The  Turbine  Problem,"  H.  F.  Schmidt  {Amer,  Electrician,  xvi.  pp.  76-80, 

Feb.  1904). 
"  High  Power  Steam  Turbine''  {Power,  Feb.  1904). 
"  Curtis  Steam  Turbine,"  F.  Samuelson  {Electrician,  lii.  pp.  596-598,  Feb.  5, 

1904.     Paper  read  before  the  Rugby  Eng.  Society). 
"  Steam  Turbines,"  F.  C.  Porte  (Paper  read  before  the  Dublin  Local  Section 

of  the  Inst.  Elec.  Engrs.,  Feb.  11,  1904,  Joum.,  vol.  xxxiii.  p.  867). 
"The  Riedler-Stumpf  Turbines"  {Engng.,  Feb.  12,  1904). 
"  The  Steam  Turbine,"  Chilton  {Elec,  Rev.,  Feb.  12  and  Feb.  19, 1904). 
"Steam  Turbine  Dynamos,"  F.  Niethammer  {Zeitschr  f.  Elektroteckn,  Wien, 

xxii.  pp.  77-80,  Feb.  7,  1904,  and  pp.  96-100,  Feb.  14,  1904  ;  Elec.  World 

and  Engr.,  xliii.  pp.  558-560,  Mar.  19,  pp.  595-598,  Mar.  26,  1904). 
"Curtis  Steam  Turbine,"  Barker  {Engineering,  Feb.  19,  1904). 
"  Expansion  of  the  Steam   in  the   Nozzles  of  Steam   Turbines,*'  A.  Koob 

(Zeitschr,  Vereines  DexOsch,  Ing,,  xlviii.  j)p,  275-278,  Feb.  20,  1904.     Paper 

read  before  the  Bayerischen  Bezirksverein). 
"  Turbo-Electric  Wagon"  {Mech,  Engr.,  xiii.  pp.  254-255,  Feb.  20,  1904). 
"Test  of  a  1250  K.W.  Steam  Turbine,"   A.   M.   Mattice  {Elec,  World  and 

Engineer,  xliii,  pp.  356-360,  Feb.  20,  1904). 
"The  Brush-Parsons  Steam  Turbine"  Chilton  {Electrician,  Feb.  26,  1904). 
"  Steam  Turbines,"  F.  Hodgkinson  {Electric  Club  Journal,  i.  pp.  84-94,  Mar. 

1904). 
"  Shop  Testing  of  Steam  Turbines,"  J.  R.  Bibbins  {Eng,  News,  li.  pp.  213-215, 

Mar.  3,  1904). 
"The  Riedler-Stumpf  Steam  Turbines"  Rappaport  {Elec.  Rev.,  Mar.  4, 1904). 

48 


754  STEAM  TURBINE  ENGINEERING 

"  Notes  on  the  Curtis  Turbine,"  Samudson  {Elec.  Rev,,  Mar.  4,  1904). 

"  The  de  Laval  Steam  Turbine,"  Porte  (Electrician,  Mar.  4,  1904). 

"  Beitrage  zur  Theorie  der  Dampfstromung  durch  Diisen,"  Prandtl  and  Proell 

(Zeitsch.  rf.  Ver,  Deutsch.  Ing.,  Mar.  5,  1904). 
"Exhaust  Steam  Turbines,"  C.  Dantin  {Genie  Civil,  xliv.  pp.  293-298,  Mar. 

12,  1904). 
"  Die  Dampfturbine,  System  Brown-Boveri-Parsons,"  Scherenberg  {Sckweiz. 

Elektr.  Zeitschr.,  Mar.  12,  Mar.  26,  Apr.  9,  1904). 
"  Turbo-g^n^ratrices  k  vapeur,"  Eermond  (L*:^lectricien,  Paris,  March  12, 1904). 
**  Accumulateur  de  vapeur,  systfeme  Rateau,"  Dantin  (Genie  Oiv.,  March  12, 

1904). 
"The  Terry  Steam  Turbine"  (Iron  Age,  Mar.  17,  1904). 
"  Isothermal  Expansion  for  Steam  Turbines  "  (Meek.  Engr.,  xiii.  p.  420,  Mar. 

19,  1904). 
"On  Turbo- Dynamos,"  Niethammer  (Elec.  World,  March  19,  March  26,  1904). 
"  The  de  Laval  Steam  Turbine,"  C.  Garrison  (Technology  Quarterly,  xvii  pp. 

4-21,  Mar.  1904). 
"Efficiency  Test  of  1250  K.W.  Steam  Turbine,"  Mattice  {Power,  March  1904). 
"Indicator  Diagrams  from  Steam   Turbines,"  Booth  {Elec,  Rev,,  March  25, 

1904). 
"  The  Riedler-Stumpf-Turbine"  (Electrician,  March  26,  1904). 
"  New  Steam  Turbine  Development,"  W.  L.  R.  Emmett  (Eng,  Club  Phil.  Proc., 

xxi.  pp.  193-209,  Apr.  1904). 
"  The  Westinghouse  Steam  Turbine"  (Electrician,  AprQ  1,  1904). 
"  The  Economy  of  Reciprocating  Engines  at  Light  Loads  as  compared  with 

that  of  Steam  Turbines,"  Seymour  (Elec.  fVorld,  April  2,  1904). 
"  Notes  on  the  Steam  Turbine,"  G.  L.  Parsons  (Electrician,  lii.  pp.  996-997, 

Apr.  8,  1904  ;  Elec.  Engr.,  xxxiii.  p.  571-573,  Apr.  8,  1904.     Paper  read 

before  the  Newcastle  Local  Section  of  the  Inst.  Elec  Engrs.,  Mar.  21, 1904). 
"  Die  Parsons  Dampfturbine,"  Musil  (Zeitsch.  oster.  Ing,  Arcli.  Vereines,  April 

8  and  April  15,1904). 
"  Parsons  Single-Jet  Disc  Turbine ''  (Mech,  Engr,,  xiii.  pp.  553-554,  Apr.  16, 

1904). 
"Vorabnahme    eines    900    K.W.    Turbogenerators    fiir    Zeche    Dahlbusch" 

(GlUckauf,  April  16,  1904). 
"  Comparison  of  Reciprocating  Engines  with  Steam  Turbines,"  J.  A.  Seymour 

(Poioer,  N.Y.,  xxiv.  pp.  241-243,  Apr.  1904). 
"High-Speed  Engines,"  W.  A.  F.  Crawford  (PMic  Works,  iii.  pp.  114-117, 

Apr.  15,  1904,  pp.  246-249,  May  16,  1904). 
"  The  Westinghouse-Parsons  Steam  Turbine  "  (Potver,  April  1904). 
"  La  turbine  &  vapeur  du  syst^me  Rateau  et  ses  applications,"  Rey  (Memoires 

des  Traveaux  de  la  Soci4t4  des  Ing.  civ.  de  France,  April  1904). 
"  Turbine  Rateau,  composd  de  deux  turbines"  (Rev.  de  Mec.,  April  30,  1904), 
"  The  Steam  Turbine,"  W.  Chilton  (Proc.  Inst.  Elec.  Engrs.,  xxxiii.  pp.  587- 

601,  May  1904). 
"  An  Efficiency  Test  of  Steam  Turbine"  (Iron  Age,  May  5,  1904). 
"Curtis  Electric  Regulator  for  Steam  Turbines"  (V tledrideti.  May  7,  1904). 
"The  Effect  of  Pressures  on  the  de  Laval  St«am  Turbine"  (Eng,  Record,  U&y 

7,  1904). 
"  Dampfturbine,  System  Zoelly  "  (EUk.  Bahnen,  May  1904). 


BIBLIOGRAPHY  766 

''The  Steam  Turbine  as  applied  to  Electrical  Engineering/'  C.  A.  Parsons, 

G.  G.  Stoney,  and  C.   P.   Martin  (Paper  read  before  the   Inst.  Elec. 

Engrs.,  May  12,  1904). 
"Steam  Turbine  Discs,"  M.  F.  Fitzgerald  (Engineer,  xcvii.  pp.  481-482,  May 

13,  1904). 
"  Zoelly  Steam  Turbine,"  J.  Weishaupl  (ZeiUchr.  Vereines  DeiUscK  Iiig.,  xlviii. 

pp.  693-698,  May  14,  1904). 
"Tests  of  Steam  Turbines  at  the  Newport  Station  of  the  Old  Colony  Street 

Railway"  {Engineering  Record,  May  14, 1904). 
"  The  Development  of  the  Parsons  Steam  Turbine  "  {Engng,,  May  20, 1904). 
''Abdampf  Niederdruckturbinen  Systeqj  Rateau"(Z.  d.  V,  d,  Ing.,  Maj  21, 

1904). 
''A  Graphical  Method  for  Calculating  Steam  Turbines,"  A.  Koob  {ZeiUchr. 

Vereines  Deutsch,  Ing.,  xlviii.  pp.  660-667,  May  7, 1904,  and  pp.  754r-762, 

May  21, 1904). 
"The  Rateau  Steam  Turbine"  (Iron  Age,  May  26,  1904). 
"  New  Westinghouse  Turbine  "  (Potr«r,  May  1904). 
"Relative  Efficiency  of  Turbines  and  Reciprocating  Engines,"  Hodgkinson 

(Povfer,  May  1904). 
"Theory  of  Steam  Turbines,"  F.  Foster  (Engin.  Review,  x.  pp.  373-380,  May 

468-465,  June,  and  xi.  pp.  9-16,  July  1904). 
"  The  Steam  Turbine  in  Modem  Engineering,"  W.  L.  R.  Emmett  (Amer.  Soc. 

Mech.  Engrs,,  xxv.,  May  and  June  1904). 
"  Different  Applications  of  Steam  Turbines,"  A.  Rateau  (Amer,  Soc.  Mech, 

Engrs.,  xxv.,  May  and  June  1904.     Inst.  Mech.  Engrs.  Proc.,  June  1904). 
"  Zoelly  Steam  Turbine  "  (Engineering,  Ixxvii.  pp.  770-773,  774  and  786,  June 

3,  1904). 
"The  Cost  of  Electric  Energy,"  G.   L.   Addenbrooke  (Engineering,  Ixxvii. 

pp.  773-776,  June  3,  1904). 
"The  Costs  of  Power  Production  in  Large  Works"  (Slahl  u.  Eisen,  June  15, 

1904). 
"Steam  Turbines,"  G.  Hart  (Bull.  Ing.  Civ.  de  France,  June  1904). 
"Curtis  Steam  Turbine,"  W.    L.   R.   Emmett  (Inst.  Mech,  Engrs.  Proc.,  iii. 

pp.  715-735,  June  1904 ;  An^er.  Soc.  Mech.  Emjrs.  Trans.,  xxv.  pp.  1041- 

1055,  1904). 
"Theoretical   and  Practical    Considerations   in    Steam  Turbine  Work,"  F. 

Hodgkinson  (Inst.  Mech.  Engrs,  Proc.,  iii.  pp.  625-696,  June  1904  ;  Amer, 

Soc.  Mech,  Engrs,  Trans,,  xxv.  pp.  716-781,  1904). 
"  De  Laval  Steam  Turbine,"  E.  S.  Lea  and  E.  Meden  ( Inst,  Mech.  Engrs.  Proc., 

iii.  pp.  697-714,  June  1904 ;  Amer.  Soc.   Mech.  Engrs.  Trans.,  xxv.  pp. 

1056-1073,  1904). 
"  Abnutzung  der  Parsons  Turbine"  (Z.  d.  V.  d.  Ing,,  June  18,  1904). 
"Parsons  and  Stoney's  Continuous-Current  Dynamo"  (Mech.  Engr.,  xiv.  pp. 

9-10,  July  2, 1904). 
"  The  Steam  Turbine,"  Boveri  (Stahl  u,  Eisen,  July  1,  1904). 
"Experiments  on  de  Laval  Steam  Turbine  Valves,"  K.  Biichner  (Zeitschr. 

Vereines  Deutsch.  /n^.,  xlviii.  pp.  1029-1036,  July  9,  and  pp.  1097-1103, 

July  23,  1904). 
"Steam  Turbines"  (Engng.,  July,  15,  1904). 
"  The  Flow  of  Steam  through  Nozzles,"  Levin  (Amer:  Mach,,  July  16,  1904). 


756  STEAM   TURBINE  ENOINEERINO 

"Theoretical    and    Practical  ConeiderationB  in    Steam  Turbine  Work,"  F. 

H(xigkin8on  {A'nier,  Soc,  Mech,  Engrs.  Tram.y  xxv.  No.  031,  pp.  1-50, 

1904  ;  Mech.  Engr.y  xiv.  pp.  152-154,  July  30,  and  pp.  204-209,  Aug.  6, 

1904). 
"  The  Steam  Turbine,"  C.  A.  Parsons,  G.  G.  Stoney,  and  C.  P.  Martin  {Inst,  af 

Elec.  Engrs.  Joum.,  xxxiii.  pp.  794-837,  July  1904 ;  Elec.    World  and 

Engr,,  xliii.  pp.  1084-1085,  June  14,  1904). 
"  Steam  Turbines,"  F.  C.  Porte  {Inst.  Elec.  Enyrs.,  June  23,  pp.  867-891,  July 

1904.    Paper  read  before  the  Dublin  Local  Section,  Feb.  11,  1904). 
"  The  Steam  Turbine  and  the  Reciprocating  Engine  compared,"  G.  G.  Bennett 

{Poioer,  N.Y.,  xxiv.  p.  423,  July  1904.     Paper  read  before  the  Ohio  Soc. 

of  Mech.  Electrs.  and  Steam  Engrs.). 
"  Commercial  Testing  of  Steam  Turbines,"  A.  G.  Christy  {EUc.  Clvb.  Journal^ 

i.  p.  387,  Aug.  1904). 
"Theoretical  Consideration  of  the  Steam  Turbine,"  H.  W.  Swann  {Faraday 

House  Journal^  Aug.  2,  1904). 
"  Theory  of  Steam  Turbines,"  Warburden  {PoHf.  Econ.  Machin.,  Aug.  1904). 
"Steam   Turbine  Construction,"  0.  Lasche  {Zeitschr.  Vereines  DeuUch.  Ing.^ 

xlviii.  pp.   1205-1212,  Aug.    13,  and   pp.   1252-1256,  Aug.   20,    1904; 

Engineering^  Ixxviii.   pp.  231-233  and  246,  Aug.    19,  and  pp.  329-332, 

Sept.  9, 1904  ;  and  Power,  N.Y.,  xxiv.  pp.  577-581,  Oct.  1904). 
"  Brown-Boveri  Steam  Turbines"  {EUktricUm,  Aug.  19  and  26, 1904). 
"  The  St  Louis  Exhibition"  (Engng.,  Aug.  19  and  Aug.  26,  1904). 
''  Die  Weltausstellung  in  St  Louis,"  Frohlich  (Z.  d.  V.  d.  Ing.,  Aug.  27  and 

Sept.  3,  1904). 
"Steam  Turbine  Construction,"  0.  Lasche  (Engng.,  Aug.  19,  1904). 
"  The  Steam  Turbine  and  its  IJBes.     Description  of  the  Warren-Crocker  Tur- 
bine," E.  C.  Crocker  (fVest.  EUc.,  Aug.  27,  1904  ;  Elec.  World  and  Engr., 

xliv.  pp.  336-337,  Aug.  27,  1904.     Paper  read  before  the   10th  Annual 

Convention  of  the  Ohio  Elec.  Light  Assoc). 
"  Steam  Turbines :  A  Review  of  Principal  Systems "  {Helios,  Aug.  31,  Sept. 

7,  21,  28,  and  Oct.  12,  1904). 
"  Different  Types  of  Steam  Turbines  "  {ReviLe  Mecanique,  Aug.  31,  1904). 
*•  Description  and  Advantages  of  the  A.E.G.  Steam  Turbines,"  O.   Lasche 

{Stahl  u.  Eisen,  Sep.  1,  1904). 
"  The  Steam  Turbine  :  Different  Types  and  Speed  of  WheeV  H.  B.  Brydon 

{Engineer,  Chicago,  Sept.  1,  1904). 
"  The  Steam  Turbine  :  The  General  Theory,  and  with  its  Special  Types,"  M. 

Blieden  {Engin.  Times,  Sept.  1,  8,  1904). 
"Die  Dampfturbinen  auf  der  Weltausstellungin  St  Louis  l^^" {Zeitsck.  f.  d.g. 

Turbinenw.,  i,  1,  pp.  3-6,  Sept.  1,  1904  ;  i.  2,  pp.  23-27,  Sept.  10,  1904). 
"  The  Zoelly  Steam  Turbine,"  W.  Rappaport  {Elec.  Review,  Sept.  2, 1904). 
"Steam   Turbine  Generators,"  B.   A.   Behrend  {Elec.  Review,  N.Y.,  xlv.  pp. 

376-378,  Sept.  10,  1904). 
"  Elementar-Theorie   der   Dampfturbinen   in   analytischer   und   graphischer 

Entwicklung,"Rateau(Zei««c^./.  d.g.  Turbinenw.,  i.  2,  pp.  17-23,  Sept. 

10,  1904). 
"  The  Zoelly  Steam  Turbine,"  J.  Weishiiupl  {Sidkl  u.  Eisen,  Sept.  15,  1904). 
"Turbo-Dynamos:   Difficulties  in  their  Construction"  {Eletbricita,  Sept.  16 

and  23,  1904). 


BTBLIOORAPHY  rfi7 

"Die  Dampfturbine  von  Zoelly"  {EUkt,  Zeitsch,,  Sept.  8,  1904). 

**The  Westinghouae  Turbine  Exhibit  at  St  Louis"  {Elec.  fVorld  and  Engr., 

Sept.  17, 1904). 
"  ThermodynamiBche  Rechentafel  fiir  Dampfturbinen,"  Proell  (Z.  d.  F.  d. 

Ing.,  Sept.  17,  1904). 
"  Amerikanische    Dampfturbinen,"   Feldmann  (Z.   d.   V.   d,  Ing.y  Sept.   24, 

1904). 
"  Kolben  dampfmaschine  und  Dampfturbine,"  Krull  (Z.  /.  d.  g.  Turbinenw., 

i.  3,  pp.  33-36,  Sept.  20,  1904  ;  i.  4,  pp.  55-57,  Oct.  1,  1904). 
"  A  few  Notes  on  the  Steam  Turbine,"  G.  L.  Parsons  (Electricity ,  Sept.  23  and 

30, 1904). 
"  Warren-Crocker  Steam  Turbine,"  A.  C.  Crocker  (Elec.  Review,  N.Y.,  Sept. 

24, 1904). 
"  The  Zoelly  Steam  Turbine"  (Genie  Cvoil,  Sept.  24,  1904). 
"Simple  Steam  Turbine  Engines,"  J.   Richards  (Joum,  Assoc.   Engin.  Soc, 

Sept.  1904). 
Thermadynaschinen   Rechentafel  fiir   Dampfturbinen^    Dr    Proell   (Verlag.    T. 

Springer,  Berlio,  1904). 
"  Die  Dampfturbine  von  Zoelly,"  Felsenberg  (Z.  f.  d.  g.  Turbinenw.,  i.  4,  pp. 

52-56,  Oct.  1,  1904). 
"The  Steam  Turbine"  (Engin.  Times,  Oct  6,  1904). 
" Hamilton-Holzwarth  Steam  Turbine''  (Elec.  Review,  N.Y.,  Oct.  8,  1904;  and 

Machinery,  Nov.  1904). 
"  Die  Dampfturbine  von  Rateau  *"  (  Z.  f.  d.  ij.  Turbinenw.^  i.  5,  pp.  69-74,  Oct. 

10,  1904  ;  i.  6,  pp.  88-91,  Oct.  20,  1904). 
"  Some  Problems  in  Steam  Turbine  Design "  (Htreet  Railway  Review,  Oct.  14, 

1904). 
"  Improvements  in  Fractional  Supply  Steam  Turbine,"  A.  Filing  (Pra^i.  Kngr., 

Oct.  14  and  28,  1904). 
**  Steam  Turbines,"  M.  F.  Gutermuth  (Zeitschr.  d.  Vereines  Deutsche.  Ing,,  xlviii. 
pp.  1554-1561,  Oct.  15,  1904.     Paper  read  before  the  Darmstadt  Haupt- 
versammlung). 
"On  Turbine  Dynamos,"  F.   Niethammer  (Elec.  World  and  Engr.,  Oct.  15, 

1904). 
"Steam  Turbines  of  the  Curtis  Type,"  R.  H.  Rice  (Engin.  Rec,  Oct.  15  ;  Wesi, 

Elec.,  Oct.  22  ;  Trans.  R.R.  GazetU,  Oct.  28,  1904). 
"The  Raleau  Steam  Turbine  and  its  Applications"  (Elekt.  u.  Polyt.  Rmidsch., 

Oct.  15,  1904). 
"Steam   Turbines   of   the  Curtis  and   Westinghouse- Parsons   Tyi>es"  (Elec. 

World  and  Engineer,  Oct.  15,  1904). 
"Steam  Turbines  and  Internal  Combustion  Engines"  (Elec.  Rev.,  N.Y.,  Oct. 

22,  1904). 
"Steam  Turbines,"  R.  H.  Rice  (West.  Elec.,  xxxv.  pp.  333  and  334,  Oct.  22, 
1904.     Paper  read  before  the  Amer.  Street  Railway  Assoc,  at  St  Louis, 
Oct.  13, 1904). 
"Steam  Turbines"  (Rtvue  Mecanitiue,  Oct.  31, 1904). 
"The   Hamilton-Holzwarth  Steam   Turbine"   (Amer.  Electrician,  Oct.  1904; 

and  Engin.  Record,  Oct.  1,  1904). 
"  Riedler-Stumpf  Steam  Turbine  and   its  Applications,"  A.   Riedler  (Power, 
Oct.  1904). 


758  STEAM   TVRBINK  ENGINEERING 

"Theorie  der  Dampfturbinen,''  Zahikjanz  {Die  Turbine^  i.  pp.  2-7,  Oct.  1904  ; 

ii.  pp.  29-32,  Nov.  1904 ;  iii.  pp.  67-69,  Dec.  1904 ;  iv.  pp.  87-92,  Jan.  1906). 
**  Utilisation  of  Exhaust  Steam  in  Steam  Turbines,"  L.  Battu  (/ottni.  Western 

Soc,  Engrs,^  Oct.  1904 ;  Engineer,  Nov.  4,  1904 ;  and  Enffin.  News,  Sept. 

29,  1904). 
"  The  Steam  Turbine  in  Operation"  (Engin,  Bee,,  Nov.  6, 1904). 
"  Improvements  in  Steam  Turbines  "  {Mech.  Engr,,  xiv.  p.  670,  Nov.  5,  1904, 

and  p.  745,  Nov.  19,  1904). 
"The  Steam  Turbines  of  the  A.E.G."  (Prakt.  Masch,  Kond,,  Nov.   10,  and 

Dec.  3, 1904 ;  and  UhlancPs  fVochenschr.,  Nov.  10, 1904). 
"  Utilisation  of  Exhaust  Steam  in  Steam  Turbines,"  E.  Demenge  {Iron  and 

Goal  Trade  Rev.,  Nov.  11  ;  Ironmonger,  Nov.  26  ;  and  Prac,  Engr,,  Nov.  18 

and  25,  1904). 
"The  De  Laval  Steam  Turbine  and  its  Manufacture"  {Machinery,  Oct.  and 

Nov.  1904). 
"The  Hamilton-Holzwarth  Steam  Turbine"  {Potoer,  N.Y.,  xxiv.  pp.  669-661, 

Nov.  1904). 
"  Dampfverbrauch  der  de  Laval-Turbinen  "  {Zeitsch.  /.  d.  g.  Turbinenw.,  i.  8, 

pp.  124-126,  Nov.  10,  1904). 
"The  Steam  Turbine  and  the  Gas  Turbine,"  Bellazzo's  New   Theory  {Mon. 

Technico,  Nov.  20,  1904). 
"Future  of  the  Steam  Turbine  "  {Engineering,  Nov.  26,  1904). 
"  Early  Turbines  of  the  de  Laval  Type"  {Techn,  Woche,  Nov.  26,  1904. 
"The    Zoelly-Escher-Wyss  Steam  Turbine,"  E.  Guarini  {Ind.  e  Invenciones, 

Nov.  26,  1904). 
"The  Hamilton-Holzwarth  Steam  Turbine"  {Poioer,  Nov.  1904). 
"  Description  of  Well-known   Types   of   Steam  Turbines,"   R.   N.   Ehrhart 

{Proc.  Ewjin,  Soc,  West,  Penna.,  Nov.  1904). 
"  Die  Dampfturbine  von  Escher,  Wyss  &  Co.,"  Arendt  {Die  Turbine,  ii.  pp.  46- 

48,  Nov.  1904  ;  iii.  pp.  76-80,  Dec.  1904  ;  iv.  pp.  106-107,  Jan.  1905). 
" The  Steam  Turbines  at  the  St  Louis  Exhibition"  {Poioer,  Dec.  1904). 
"Uber  Dampfturbinen  mit  partieller  Beaufschlagung,"  Elling  {Die  Turbine, 

iii.  pp.  57-59,  Dec.  1904). 
"Steam  Turbines,"  H.  Bonia  {Physik.  Zeitsehr.  Dec.  1,  1904). 
•'The  Zoelly  Steam  Turbine"  {Schweiz  Elektrotechn,  Zeitsehr.,  Dec.  3,  1904). 
*  The  Best  Economy  of  the  Pistcm  Engine  at  the  Advent  of  the  Steam  Turbine," 

J.  E.  Denton  {Ei^gin.  News,  Iii.  pp.  511-513,  Dec.  8,  1904;  Mech,  Engr.^ 

XV.  pp.  24-28,  Jan.  7,  1905  ;  Engin.  Rec.,  Feb.  25,  1905;  and  Mech,  Warld^ 

March  3  and   10,  1905.     Paper  read  before  the  Mech.  Section  of  the 

St  Louis  International  Congress,  Sept.  23,  1904). 
"  New  Wheel  for  Steam  Turbines,  Escher,  Wyss  &  Co.'s  System,  Zoelly  Type" 

{Ind.  e  Invendones,  Dec.  10,  1904). 
"The  Steam  Turbine:  Velocity  of  Discliarge"  (An^iwetfr,  Chicago,  Dec   15, 

1904). 
"The  Hamilton-Holzwarth  Steam  Turbine"  {Engineer,  Dec.  16  and  23,  1904). 
"  Amerikanische  de  Laval  -  Dam  pfturbinen  "  {Zeitsch.  f.  d,  g.  Turbinenw.,  L  12, 

pp.  186-187,  Dec.  20,  1904  ;  ii.  1,  pp.  9-11,  Jan.  1,  1905). 
"The  Steam  Turbine  v.  The  Small  High-Speed  Engine"  {Elec,  Rev,,  Dec.  23, 

1904). 
"The  Bateau  and  Zoelly  Turbines "  (rec/i?i.  Woche,  Dec.  23,  1904). 


BIBLIOGRAPHY  759 

"The  Zoelly-Escher-Wyss  Steam  Turbine *'  {R&vue  Minera,  Dec.  24,  1904). 
"  Size  of  Entrance  and  Exit  Pipes  of  the  Wheels  of  Turbines  from  an  Experi- 
mental Point  of  View/'  Camerer  (Dingl.  Polyt.  Joum.,  Dec.  24,  1904, 

Jan.  28  and  Feb.  18,  1906). 
"  Details  of  different  Types  of  Turbines''  (ReviLe  Mecanique^  Dec.  31,  1904). 
"  Eflfect  of  the  Steam  Turbine  on  Central  Station  Practice,"  W.  L.  R.  Emmett 

{Trails,  of  the  International  Elec.  Congress  St  LouiSy  1904,  ii.   p.  863, 

Section  E). 
"Notes  on  Steam  Turbines  with  *fall  of  velocity,'"  A.  Rateau  (2ran#.  of  the 

International  Elec.  Congress  St.  Louis,  1904,  ii.  p.  873,  Section  E). 
"Some  Remarks  on  Steam  Turbine  Performance,"  F.  Hodgkinson  {Trans,  of 

the  International  Elec,  Congress  St  Louis,  1904,  ii.  p.  886,  Section  E). 
Dampfturbineny  R.  Mewes.     Berlin  :  M.  Krayn,  1904). 
Bau  Der  Damjffturhineny  A.  Musil.     Leipzig  :  B.  G.  Teubner,  1904. 
Rov>es  et  Turbines  (t  Vapeur,  K.  Sosnowski.     Paris :  Ch.  B^ranger,  1904. 
Die  Dampfturbinen,  H.  Wagner.     Hanover ;  Gebruder  Janecke,  1904. 
Steam  and  Steam  Engines,  A.  Jamieson.    London  :  Chas.  Qriffin  &  Co.,  1904. 
IHe  Dampfturbine,  G.  Neudeck.     Kiel :  Verlag  von  Toecke,  1904. 
Theorie  und  Bau  der  Bampfturbinen,  P.  Stiersdorfer.    Leipzig  :  0,  Leiner,  1904. 
Dampfturbine,  G.  Zahikganz.    Berlin :  Seydel  Polyt.  Buchhandlung,  1904. 
"  Steam  Turbines  as  Prime  Movers  in  Electric  Central  Statioas,"  D.  W.  Koch 

{Die  Turbine,  Dec.  1904  and  Jan.  1905). 
Les  Pompes  Centrifuges  multicellulaires  a  Grande  ^^levation  du  Systhne  Rateau, 

par  Jean  Rey.     Paris :  Philippe  Renouard,  1904. 

1905. 

The  Steam  Turbine,  Dr  A.  Stodola.  3rd  German  edition.  Berlin,  Julius 
Springer,  1905 ;  English  translation  of  2nd  German  edition.  New  York. 
D.  van  Nostrand  Co. ;  London,  Constable  &  Co.,  1905. 

"  Theory  of  Steam  Turbines,"  G.  Zahikganz  {Die  Turbine,  Dec.  1904,  Jan.  and 
Feb.  1905). 

Die  Dampfturbinen,  Dr  F.  Niethammer.    Zurich  :  A.  Raustein,  1906. 

Die  Dampfturbinen,  W.  Gentsch.  Hanover:  Helwingsche  Verlagsbuchhand- 
r    lung,  1906. 

"Acyclic  (Homopolar)  Dynamos,"  Noeggerat  {Amer.  Soc.  Elec.  Engrs.  Trans., 
Jan.  1905). 

"  The  Economical  Operation  of  Steam  Turbines  "  ( Uhland's  Wochenschr.,  Jan.  5, 
19,  Feb.  2,  16,  March  2,  16,  1906). 

"  The  Gas  Engine  and  the  Steam  Turbine,"  B.  H.  Thwaite  {Pag^s  Weekly,  Jan. 
13, 1906). 

"The  Elektra  Steam  Turbine,"  W.  Rappaport  {Elec.  Rev.,  Jan.  13,  1905). 

"The  Operation  of  the  Parsons  Turbine"  {Elettridta,  Jan.  13,  1906). 

"A  Compound  Steam  Turbine"  {Engineering,  Ixxix.  pp.  37-41,  Jan.  13, 
pp.  137-142,  Feb.  3,  1905). 

"A  Comparison  of  Different  Types  of  Steam  Turbines,"  R.  M.  Neilson 
{Engineer,  xcix.  p.  15,  Jan.  20,  pp.  97-98,  Jan.  27,  123-124,  Feb.  3,  and 
pp.  149-150,  Feb.  10, 1905.  Afech.  Engr.,  xv.  pp.  98-102,  Jan.  21,  139-141, 
Jan.  28,  156-168,  Feb.  4,  195-198,  Feb.  11,  and  pp.  240-241,  Feb.  18, 
1906.  Abstract  of  a  Paper  read  before  the  Manchester  Assoc,  of  Engrs., 
Jan.  14,  1906. 


760  STEAM   TURBINE  ENGINEERING 

"  Rotor  of  Turbo-Generators"  {Elec.  World  aivd  Engr,,  xlv.  p.  207,  Jan.  28, 1905  ; 

and  Electrician^  liv.  p.  848,  March  10,  1905). 
**The  Phenomena  of  Flow  in  Steam  Turbine  Tuy feres"  (fievue  Mecanique,  Jan. 

31,  1906). 
*'  A  Review  of  the  Seger  Steam  Turbine*'  {Machineryy  Jan.  1905). 
**  Description  and  Theory  of  Steam  Turbines,"  A.  Hanssens,  (Bull.  Ing.  Elect. 

Montefiore,''  Jan.-Feb.  1905). 
"  Unipolar  Dynamos"  (Elec.  World  and  Engr.,  Feb.  4,  1905). 
"The  Steam  Turbine  of  the  A.E.G.,'*  0.  Dekeyser  (Indudrie,  Feb.  12  and 

19,  1905). 
"The  Steam  Turbine,"  F.  G.  Gasche  (Engineer,  Chicago,  Feb.  15, 1906). 
"Beitrag  zur  Einteilung  Uer  Dampfturbinen,"  Lewicki  (Zeitxh.f.  d.  g.  Turhw., 

ii.  4,  pp.  49-52,  Feb.  15,  1905). 
"Some  Data  of  the  A.E.G.  Steam  Turbine,"  F.  Koesler  (Elec.   World  and 

Engineer,  Feb.  18,  1905). 
"  Steam  Turbines :   Their  Application  from  an  Electrical   Point  of  View," 

L.  Mimch  (Eclair.  £lectr.,  Feb.  18  and  25,  March  4,  11,  18  and  25, 1905). 
"  The  Steam  Turbine  :  Its  Development,  Possibilitits,  and  Relative  Advantages 

as  compared  with  the  Reciprocating  Engine,"  D.  A.  Willey  (Tech.  World, 

Feb.  1905). 
"  The  Standardisation  of  Steam  Turbines,"  C.  C.  Chatelier  (Remu  Metallurgie, 

Feb.  1906). 
"  Multiple  Steam  Turbines,"  A.    Melencovich  (Trans.  I  tut.  Engrs.  and  Shijh 

builders  of  Scotland,  xlviii.,  Feb.  1906  ;  Mech.  World,  Feb.  24  and  March  3  : 

Engin.  Times,  March  9 ;  and  Mech.  Eiupr.,  April  8,  1905). 
"  Making  a  Small  Curtis  Turbine,"  H.  J.  Travis  (Power,  Feb.  1905). 
"  The  Kerr  Compound  Steam  Turbine  "  (Poiwr,  Feb.  1905). 
"The  Zoelly  Steam  Turbine"  (Indian  and  East.  Engr.,  Feb.  1905). 
"  Utilisation  of  Low  Pressure  Steam  in  Steam  Turbines,"  A.  Lapouclie  {IHe 

Turbine,  Feb.  and  March  1905). 
'*  Thermodynamic  Table  for  Calculating  Steam  Turbines,  R.  Proell  (Revue 

Mecanique,  Feb.  28,  1905). 
"The  Determination  of  tlie   Elements  of    Steam  Turbines,"  Kopp  (Revue 

Mdcanique,  Feb.  28,  1905) 
"On  the  Actual  Pressure  of  Steam  Turbines"  (Revue  Mecanique,   Feb.  28, 

1905). 
"  Feed  Water  Heaters  for  Steam  Turbine  Plant "  (Engineer,  Chicago,  March  1, 

1905). 
"  Die  Westinghouse- Parsons- Dampfturbine  "  {Zeitsch  /.  d.  g.  Turbinenw.,  ii.  6, 

pp.  71-75,  March  1,  1905). 
"  The  Steam  Turbine  of  the  A.E.G."  (Genie  Civil,  March  4,  1905). 
"The  Conducting  Theory  of  Gases  and  the  Steam  Turbine"  (Elect.  Ret., 

March  10,  1905). 
"  The  Union  Steam  Turbine"  (GUirkauf,  March  11,  1905). 
"  Mechanical  Construction  of  Steam  Turbines,"  W.  J.  A.  London  (Elec.  Engr.^ 

March  10  ;  Prac.  Engr.,  March  17,  24,  and  31 ;  Electrician,  March  24  ;  Elec. 

Rev.,  April  14  ;  Elec.,  Rev.,  N.Y.,  April  15  ;  Zeitschr.f.  Elektrotechn.  Wien, 

xxiii.  pp.  400-402,  June  25  ;  and  Inst.  Elect.  Engineers,  Joum.,  xxv.  pp. 

163-196,  June  U)05.     Paper  read  before  the  Manchester  Local  Section  of 

the  Inst.  Elec.  Eugrs.). 


BIBLIOGRAPHY  761 

'*  Computation  Tables  for  Steam  Turbmes,''  D.  Bank!  {Zeit»chr,  Vereijies  DetUsch. 

Ing.,  March  26, 1905). 
''■  *  Elektra'  Steam  Turbine"  {EUttrieUa,  Milan,  pp.  205-207,  March  31, 1905). 
'*  *  Elektra'  Steam  Turbine,"  0.  Arendt  [dU  Turbine,  March  1905). 
*'  Different  Types  of  Steam  Turbines"  {Revue  Mecanique,  March  1905). 
"Compound  Steam  Turbines"  (Bit//.  Tech.   Ase,  Ing,  Bruxelles,  March- April 

1905). 
"  New  Steam  Turbine  Ideas"  {Potoer,  xxv.  pp.  209-211,  April  1905,  European 

edition). 
"Steam    Turbines:    Fundamental    Principles"    {Tonind    Zeitung,    April  4, 

1905). 
"  Curtis  Steam  Turbines,"  C.  B.  Burleigh  (Paper  read  before  the  New  England 

Railroad  Club  at  Boston,  Mass.,  April  11,  1905). 
"  Commercial  Efficiency  of  Prime  Movers,"  A.  M.  Downie  {Engineer^  xcix.  pp. 

416-416,  April  28,   1905.     Paper  read  before  the  Glasgow  University 

Eng.  Soc.). 
**  Durability  of  Steam  Turbines  "  {Engineer,  Chicago,  May  1,  1905). 
"Homopolar  and  Unipolar  Continuous-Current  Machines"  {EleUr,  Bahneiiy 

May  4,  1905). 
"Bericht    iiber  Versuche    an  Elektra-Dampfturbinen,**  Gutermuth  {Zeitsck. 

/.  d.  g.  Turbinenw.,  ii.  10,  pp.  145-149,  May  15,  1906). 
**  Betrachtungen  iiber  rotieren  de  Laufriider  von  Dampfturbinen  und  deren 

Wellen,"  Wagner  {Z.  /.  rf.  g,  Turbinmw,,  ii.  10,  pp.  150-151,   May   15, 

1905 ;  ii.  12,  pp.  179-181,  June  15,  1905  ;  ii.  16,  pp.  241-243,  Aug.  15, 

1905). 
"Beitrage    zur    Theorie  stationaren  Stromung    von  Gaseu  imd  Dampfen," 

Proell  (Z./.  d,  g,  Turbinenw.,  ii.  10,  pp.  151-154,  May  15,  1905), 
"150  K.W.  Dampfturbine  der  technischen  Hochschule  Danzig"  {Z.  f,  d.  g. 

Twrbinenw.,  ii.  10,  pp.  154-155,  May  15,  1905). 
"  Turbo-Gtenerators,"  F.  Niethammer  {Zeitschr.  Vereines,  DeiUsch.  Ing.,  xlix.  pp. 

762-770,  May  13,  and  pp.  818-824,  May  20, 1905). 
"  The  British  Thomson- Houston  Co.'s  Works  :  Description  of  the  Curtis  Steam 

Turbine"  {Engineering,  May  19, 1905  ;  Irtm  and  Coal  Trades  Rev.,  May  19  ; 

Elec.  Engr.,  May  19;  EUc.  Rev.,  May  19  ;  and  Tram,  dh  Rly.  World,  June 

1905). 
"The  Willaus-Parsons  Steam  Turbine"  {EUc.  Rav.,  May  26,  1905  ;  Elec.  Engr., 

May  26  ;  and  (JoU.  Guard,  May  26, 1905). 
"  Steam  Turbines,"  W.  E.  Boileau  {West.  Elecn.,  May  27,  1905). 
"  The  Discharge  of  Steam  from  Nozzles,"  A.  Bateau  {Poroer,  N.Y.,  May  1905). 
"Steam  Turbines"  {Franklin  Inst.  Joum.,  clix.  pp.  325-363,  May  1906  ;  and 

Pag^s  Weekly,  vii.  pp.  26-28,  July  7,  1905). 
"  Time  for  Starting  Steam  Turbines  and  Reciprocating  Engines,"  A.  S.  Mann 

{Pages  Weekly,  vi.  pp.  1187-1189,  June  2  ;  Street  Rly.  Joum.,  xxv.  p.  1039, 

June  10,  1905.     Abstract  from  Amer.  Soc.  Mech.  Engrs.,  also  Elect.  Rev., 

June  23,  and  Engin.  Rec.,  June  10,  1905). 
"The  Steam  Turbine,"  Bull  {Engin.  News,  June  15,  1906). 
"Uber  Regelung  von  Dampfturbinen,"  Gentsch.  {Z.f.  d.  g.  Turbinenw.,  ii.  12, 

pp.  177-179,  June  16,  1905 ;  ii.  13,  pp.  200-202,  July  1,  1905  ;  ii.  16,  pp. 

228-231,  Aug.  1,  1906  ;  ii.  16,  pp.  244-248,  Aug.  16 ;   ii.  18,  pp.  279- 

282,  Sept.  16, 1906). 


762  STEAM  TURBINE  ENGINEERING 

"  Turbo-Generators,"  J.  Dalemont  {tclair,  J^ledr.,  xliii.  pp.  415-422,  June  17, 

1905). 
"  Step  Bearings  of  the  Curtis  Steam  Turbine  "  (Elec.  World  and  Engr.^  xlv.  p. 

1136,  June  17,  1905). 
"  Steam  Turbines  in  America"  {Engin.  Rec.^  June  24,  1905). 
"  De  Laval  Steam  Turbine  Applications,"  J.  L.  Mohun  {Gassier's  Mag.,  xxviii. 

pp.  103-113,  June  1905). 
"  Test  of  Steam  Turbine  after  Two  Years*  Service  "  (Elect,  Rev,,  N.Y.,  xlvii.  pp. 

29-30,  July  1, 1905). 
"  Operating  Features  of  Vertical  Curtis  Steam  Turbines,"  A.  H,  Eruesi  (Eng. 

Rec,y  lii.  pp.  8-10,  July  1,  1905). 
**  Modem  Economical  Steam  Engines  and  Turbines"  (Engineer,  July  7,  1905). 
"  Die  Union-Dampf turbine "  (Z.f,d.g.  Turbinenw.,  ii.  14,  pp.  209-214,  July 

15, 1905). 
"  Steam  Consumption  of  Curtis  Steam  Turbines"  (Elec  World  and  Engr.y  July 

22, 1905). 
"  Ausfluss  des  Dampfes  aus  Turbinendusen,**  Newton  Wright  (Die  Turbine^  x. 

pp.  284-285,  July  1905). 
"A.E.G.   Dampfturbinen"  (Die  Turbine,  x.  pp.  276-279,  July  1905;  xi.  pp. 

304-307,  Aug.  1905  ;  xii.  pp.  332-337,  Sept.  1905). 
"  Modem  Power  Plant  Design,"  F.  Koester  (Engineering  Mag,,  Aug.  1905). 
"Beitrage  zur  Bestimmung  des  Wirkungsgrades  und  Dampfverbrauches  an 

Dampfturbinen,"  Anders  (Z,  f.   d,  g,   Turbinenw,^  il  14,  pp.   214-220, 

July  15,  1905  ;  ii.  15,  pp.  225-228,  Aug.  1,  1905). 
"  Die  Willans-Parsonsche  Dampf turbine,"  Gradenwitz  (Z,f,  d.  g.  Turbinenw,, 

ii.  18,  pp.  282-284,  Sept.  15,  1905). 
"DieUnion-Dampfturbine"  (Die  Turbine,  ii.  pp.  31-37,  Nov.  1905). 
"  Considerations  surles  Turbines  k  Vapeur  a  chutes  de  Vitesse,"  par  A.  Bateau 

(Congres  International  de  la  Mecanique,  etc.    Liege,  1905  :  Imprimerie  La 

Meuse  St6  Anon). 
"  The  Steam  Consumption  of  Piston  Engines,"  T.  Stevens  and  H.  M.  Hobart 

(Power,  Dec.  1906,  p.  732  ;  Science  Abstracts,  134,  Feb.  26,  1906). 
"The  Effect  of  Admission  Pi-essure  on  the  Economy  of  Steam  Turbines," 

T.  Stevens  and  H.  M.  Hobart  (Engineering,  pp.  289-292,  March  2  and 

March  9,  1906,  pp.  322-327). 
"  The  Steam  Consumption  of  Reciprocating  Engines,"  and  "  The  Economy  of 

Steam  Turbines  compared  with  that  of  Reciprocating  Engines,"  T.  Stevens 

and  H.  M.  Hobart  (Electrical  World,  pp.  369-371,  Feb.  17,  pp.  410-412, 

Feb.  24,  1906). 

SECTION  B. 
PARTICULAE  PLANTS. 

"  Cambridge  Electricity  Supply  Works "  (Elec.  Engin.,  xxv.  pp.  42-49,  Jan. 

12, 1900). 
"Steam  Turbine  at  Elberfeld"  (Elec.  Rev.,  Oct.  12,  1900). 
"Steam  Turbine  at  Hartford,  Conn."  (Povoer,  N.Y.,  xxii.  pp.  1-3,  July  1902). 
"Electrical  Power  Station  at  Neptune  Bank,   Newcastle-on-Tyne,"  W.  B. 

Woodhouse  (Inst,  Meek.  Engrs,  Proc,,  iii.  pp.  453-481,  July  1902). 


BIBLIOGRAPHY  763 

"  Newcastle  and  District  Electric  Lighting  Co.'s  Power  Stations,"  W.  D.  Hunter 

(iTwe.  Mtch.  Engrs.  Proc,  iii.  pp.  441-481,  July  1902). 
"West  Bromwich  Electricity  Works  and  Tramways"  (Elec,  Erigr.,  xxx.  pp. 

479-483,  Oct.  3,  and  pp.  513-517,  Oct.  10,  1902). 
" Westinghouse  Steam  Turbines  for  the  New  York  Rapid  Transit  Subway" 

(Elec.  Rev.,  li.  pp.  807-808,  Nov.  14,  1902). 
"  Electrical  Power  at  the  Diisseldorf  Exhibition  "  {Engineering,  Ixxiv.  pp.  768- 

772,  Dec.  12,  1902). 
"  Hastings  Electricity  Works"  (Electrician,  1.  pp.  379-382,  Dec.  1902). 
" Rapid  Transit  Co.'s  Power-House,  New  York"  (Potoer,  N.Y.,  xxii.  pp.  1-6, 

Dec.  1902). 

1903. 

"  Manchester  (Bloom  Street)  Electricity  Works"  {Electrician,  1.  pp.  672-675, 

Feb.  13,  and  pp.  715-719,  Feb.  20,  1903). 
"Electric  Lighting  of  the  Aldershot  Camps"  {Electrician,  li.  pp.  162-154, 

May  15,  1903). 
"  Electricity  in  French  Slate  Quarries  "  {Engineering,  Ixxv.  pp.  675-676,  May 

22, 1903). 
"Developments  in  Central  Stations  at  Chicago"  {Western  Elec,,  xxxii.  pp. 

396-402,  May  23,  1903). 
"Missouri  River  Power  Station  of  the  Metropolitan  Street  Ry.  Co.,  Kansas 

City,  Mo."  {Stred  Ely.  Joum,,  xxii.  pp.  157-163,  Aug.  1, 1903). 
*'  West  Pennsylvania  Railway  and  Lighting  System  "  {Street  Ely.  Joum.,  xxii. 

pp.  412-426,  Sept.  5,  1903). 
"Steam  Turbine  Electric  Generating  Plants,"  G.  Wilkinson  (Electrician,  Iii. 

pp.  19-23,  Oct.  23 ;  Discussion,  pp.  55-56,  Oct.  30,  1903 ;  and  Electrical 

Rev.,  liii.  pp.  691-694  ;  Discussion,  pp.  757-758,  Nov.  6, 1903.     Abstract  of 

Paper  read  before  the  Leeds  Local  Section  of  the  Inst.  Elec.  Engrs.) 
"  Power  Plant  of  the  Goodrich  Rubber  Co.,  Akron,  Ohio "  (Amer.  Elec.,  xv. 

pp.  539-542,  Nov.  1903). 
"  Kimberley  Diamond  Mines  Electrical  Equipment,"  C.  V.  Allen  (Eng.  Mag., 

xxvi.  pp.  177-192,  Nov.  1903). 
"  Tests  of  Steam  Turbines  for  the  Cleveland,  Elyria,  and  Western  Ry."  (Amer. 

Soc.  Naval  Engrs.,  xv.  4,  p.  1247,  Nov.  1903  ;  and  Street  Rly.  Joum.,  xxii. 

pp.  1063-1064,  Dec.  19,  1903). 
'Quincy  Point  Power  Station  of  the  Old  Colony  Street  Railway  Co."  {Street 

Rly.  Rev.,  Dec.  20,  1903). 
"Steam  Turbine  and  Power  Plant  in  Mexico"  {Power,  N.Y.,  xxiii.  pp.  709-710, 

Dec.  1903). 
"Electrical  Power  Plant  at  Neuchatel"  (Western  Elec.,  xxxiii.  pp.  440-441, 

Dec.  12, 1903). 

1904. 

"The  Ambridge  Plant  of  the  American  Bridge  Co."  {Eng.  Rec,  Jan.  2,  1904). 
"  Kraftwerk  der  Cons.  Tschopelner  Braunkohlen-und  Tonwerke"  {Z.  d.  V.  d. 

Ing.,  Jan.  9,  1904). 
"  Experience  with  an  Installation  of  Brown-Boveri-Parsons  Steam  Turbines," 

O.  Reidt  (Zeit.  Vereines  Deutsck.  Ing.,  xlviii.  pp.  118-121,  Jan.  23,  1904). 
"The  Power-Houses  of  the  New  York  Central"  (Zeitschr.    Vereines  Deutsch. 

Ing,,  Jan.  23,  1904). 


764  STEAM  TURBINE  ENGINEERING 

"  The  Power-House  of  the  Interborough  Rapid  Tiaosit  Co. "  {Enq,  Bee,,  Jan. 

23,  1904). 
"Cleveland  and  South- Western  Ry.  Co.,  Carlisle,  Lorain,  U.S.A."  (Street  By. 

Joum,y  Jan.  30,  1904). 
"  Westinghouse  Steam  Turbine  at  Orangeburg,  N.Y. "  {Amer.  Elec.,  xvi.  pp. 

169-172,  Apr.  1904). 
"Electric  Traction  on  the  Metropolitan  Railway"  (Engtneery  xcvii.  pp.  158 

and  159,  Feb.  12,  pp.  183-184,  Feb.  19,  pp.  202-203,  Feb.  26,  and  pp. 

253-254,  Mar.  11,  1904 ;  and  Tram,  and  Bly.  World,  xvi.  pp.  17-44,  July 

1904). 
'*  Port  Huron  Light  and  Power  Co.'s  Station,"  J.  E.  Davidson  {Elec.  World 

and  Engr.,  xliii.  pp.  681-686,  Apr.  9,  1904). 
"  Kraftwerk  der  Interborough  Rapid  Transit  Co.,  New  York"  (Zeitsch.  d.  F.  d. 

Ing.,  April  16, 1904). 
'*  Kraftwerk  Lots  Road  in  Chelsea  bei  London "  {Z,  d,  V.  d,  Ing.,  AprU  16, 

1904). 
"  The  Yale  and  Towne  Mfg.  Co.'s  Plant"  (Iron  Age,  Apr.  21,  1904). 
"Scarborough  Electric  Tramways"  (IVam.  iJii/.  World,  xv.  pp.  494-500,  May 

1904). 
"  Lanes  Power  Co.  (Radcliflfe) "  {Elec.  Povm,  May  4,  1904). 
"  Test  of  Steam  Turbines  at  the  Newport  Station  of  the  Old  Colony  Street 

Rly."  (Engin.  Bee,  May  14,  1904). 
"  Expansion  of  the  Boston  Edison  System  "  {Elec.  Woi'ld  and  Engr.,  May  21, 

1904). 
"Combined  Lighting  and  Heating  Central  Station  System  in  Indianapolis" 

{West  Elec,,  xxxiv.  pp.  431-433,  May  28,  1904). 
"  Derby  Electricity  Works  and  Tramways  "  {Electrician,  liii.  pp.  301-306,  June 

10,  and  pp.  342-344,  June  17,  1904). 
"  Das    neue    Kraftwerk    und    Maschinenbaulaboratorium    der    Technischen 

Hochschule  Darmstadt,"  Gutermuth  {Z.  d.  V.  d,  Ing.,  June  11  and  June 

18,  1904), 
"  Die  Einrichtungen  im  neuen  Kraftwerk  der  Techn.  Hochschule  Darmstadt," 

Sengel  {Z.  d,  V.  d.  Ing.,  July  16,  1904). 
"  Notes  on  Steam  Turbo-Electric  Generating  Plants,"  G.  Wilkinson  {Electricity, 

July  1,  8,  15,  Aug.  6,  12,  19,  26,  and  Sept.  2, 1904). 
"  Neepeend  Power  Station  of  the  Sheffield  Electricity  Department"  {Elec.  Bev., 

Iv.  pp.  99-103,  July  15,  aud  pp.  139-142,  July  22,  1904). 
"  Steam  Turbine  Lighting  Plant  at  Jacksonville,  Fla. "  {Elec.  World  and  Engr., 

xliv.  pp.  138-139,  July  23,  1904 ;  and  Elec.  Bev.,  N.Y.,  xlv.  pp.  66-67, 

July  9,  1904). 
"Schenectady  Works    of    the  General  Electric  Co."  {Engineering,  Ixxviii. 

pp.  171-175,  and  186,  Aug.  5,  and  pp.  202-206  and  208-209,  Aug.  12, 

1904). 
"  Steam  Turbine  Power  Plant  for  Dubuque,  Iowa  "  {Street  Bly.  Journ.,  xxiv. 

pp.  184-194,  Aug.  6,  1904  ;  and  Engi7i.  Bee.,  Aug.  13,  1904). 
"  London   Metropolitan  Electric  Tramways "  (Tram,  and  Bly.    World,  xvi. 

pp.  139-141,  Aug.  11,  1904). 
"Power  Supply  to  Tramways  in  North  London"  {Electrician,  liii.  pp.  665- 

666,  Aug.  12,  702-705,  Aug.  19,  742-745,  Aug.  26,  and  784-787,  Sept. 

2,  1904). 


BIBLIOGRAPHY  765 

"Newcastle-on-Tyne  Electric  Supply  Co.,"  T.  H.  Minaliall  {EUc,  Mag.,  Aug. 

1904). 
"Two  Becent   Steam   Turbine   Installations   of   the   Brown-Boveri- Parsons 

System"  {Street  Ely.  lUv.,  xiv.  pp.  509-510,  Aug.  15,  1904). 
"  Power  Plant  of  the  Mexican  Central  at  Aguascalientes"  {Eng,  Eec.^  Aug.  20, 

1904). 
"3200  K.W.  Steam  Turbine  Set  at  Frankfort,"  Singer  {Elektrotechn,  Zeitsckr., 

XXV.  pp.  749-750,  Aug.  25,  1904). 
"Electricity    on    the     North-Eastem    Bailway*'    (Engineering,    Aug.    26, 

1904). 
" Steam-Turbine-driven  Central  Station"  (Elec,  IVorldy  Sept.  3,  1904). 
"  North  Metropolitan  Power  Supply  and  Tramway  '*  (Elec.  Rev.,  Iv,  pp.  419- 

423,  Sept.  9,  and  pp.  458-463,  Sept.  16,  1904). 
"  Interborough  Bapid  Transit  Co.,  New  York  "  (Potwr,  N.Y.,  Sept.  1904). 
"  Power  Stations  of  the  Citizens  Light  and  Power  Co.,  Johnstown,  Pa."  (Elec. 

World  and  Engr.,  xliv.  pp.  376-380,  Sept.  3,  1904). 
''  Steam  Turbine  Plant  with  Exhaust  Steam  Heating  *'  (Eng.  Rec,  1.  pp.  279- 

280,  Sept.  3,  1904). 
"  Turbo-Electric  Power  System  in  Paint  Manufacture  "  (Elec.  World  and  Engr., 

xliv.  pp.  432-435,  Sept.  10,  1904). 
"  A  Steam  Turbine  Locomobile "  (Ung.  Met.  Arb.,  Sept.  10,  1904). 
"Turbine  Testing  Plant  of  the  Westinghouse  Machine  Co.,"  A.  Q.  Christy 

(Eng.  Rec.,  Sept.  24,  1904). 
"  Steam  Turbine  Power  Plants,"  J.  B.  Bibbins  (Street  Rly.  Rev.,  Oct.  14,  1904  ; 

Engin.  Rec.,  Oct.  15,  1904  ;  Street  Rly.  Joum.,  xxiv.  pp.  708-718,  Oct.  15, 

1904 ;    JVeet.  Eledn.,  xxxv.  pp.  334-335,  Oct.  22,  1904.    Abstract  of  a 

Paper  read  before  the  Amer.  Street  Bly.  Assoc,  at  St.  Louis,  Oct.  13, 1904  ; 

also  Power,  Jan.  1905). 
"  Brake  Teats  of  a  400  K.W.  Westinghouse-Parsons  Steam  Turbine  "  (Engineer- 
ing, Oct.  21,  1904). 
*'Lots  Boad  Generating  Station  of  the   Underground   Electric  Bly.  Co.  of 

London  "  (Electrician,  liv.  pp.  4-9,  Oct.  21,  1904). 
"  Tlie  Works  of  the  American  de  Laval  Steam  Turbine  Co."  (Machinery,  Oct. 

and  Nov.  1904  ;  also  Uhland^s  Wochenschr.,  Feb.  9,  1905). 
"Steam   Turbines  for  Colliery  Purposes,"  C.   Hurst  (Min.  Engr.,  Oct.   and 

Nov.  1904). 
"  The  Yorksliire  Electric  Power  Co.,''  E.  Parry  (Elec.  Povjer,  ii.  pp.  220-226, 

Nov.  1904). 
'•  The  Engineering  Plant  of  the  New  Savoy  Hotel,"  S.  F.  Walker  (Eng.  Rev., 

xi.  pp.  321-327,  Nov.  1904). 
"  Test  on  a  500  K.W.  Curtis  Turbine  Set  at  Cork  "  (Elec.  Rev.,  Nov.  18,  1904  ; 

Electrician,  Nov.  18, 1904  ;  Elec.  Times,  Nov.  17,  1904  ;  Engineering,  Nov. 

18,  1904  ;  Street  Rly.  Joum.,  Dec.  3, 1904  ;  and  Elec.  World  and  Engr.,  Dec. 

10, 1904). 
"  The  Steam  Turbine  Electricity  Station  of  Neuchatel,"  E.  Guarini  (Industrie, 

Nov.  20,  1804  ;  and  Eng.  Rec,  June  4,  1904). 
"  Steam  Turbine  Plant  at  the  Jeanesville  Iron  Works  Co."  (Iron  Age,  Dec.  1, 

1904). 
"  A  5000  H.  P.  Turbo- Alternator  at  Frankfort,"  E.  Guarini  (/?/«c.  Mag.,  Dec. 

1904). 


766  STEAM  TURBINE  ENGINEERING 


1905. 

"  Long  Island  City  Power-Houae  of  the  Pennsylvania  Railroad  "  {EUc  World 

and  Engr.y  Jan.  7,  1905). 
"A  Large  South  African  Motor  Plant"  (Elec.    World  and  Engr.,  Jan.  7, 

1905). 
**  Efficiency  Tests  of  a  Direct-connected  Steam  Turbine  Fan  Blower  Set," 

C.  R.  Waller  (Engin.  NewSy  Jan.  9,  1905). 
"  Steam  Turbine  Power  Plant  of  the  New  York,  New  Haven,  and  Hartford 

R.R."  (Engin.  Rec,  Jan.  21,  1905). 
"New  Turbo-Qenerating  Station  of  the   Edison  Electric  Illuminating  Co., 

Boston,"   E.  Moidtrop  (7Van«.  Amer.  Inst.  Elec,  Engrs.,  Jan. ;  and  Eng. 

Bee.,  Feb.  11, 1905). 
"  Electric  Power  Supply  from  Central  Stations  in  Qreat  Britain,"  Addenbrooke 

{Enjgin.  Mag.,  Feb.  1905). 
"  Power  Plant  of  the  Anheuser-Busch  Brewing  Association  at  St  Louis  "  {Amer. 

EUdn.,  Jan.  1905  ;  and  Engineer,  Chicago,  Feb.  1,  1905). 
"Central  Station  Work  in  Detroit"  (Elec.  World  and  Engr.,  xlv.  pp.  243-246, 

Feb.  4,  and  pp.  291-295,  Feb.  11,  1905). 
"The  Turbine  Power  Station  of  the  Terre  Haute  Traction  and  Light  Co." 

(Eng.  Rec.,  Feb.  4,  1905). 
"  Metropolitan  District  Railway  Electrification"  {Tram,  and  By.  World,  xvii. 

pp.  97-155,  Feb.  9, 1905). 
"The  New  Steam  Turbine  Plant  of  the  Public  Service  Corporation,  N.J." 

(Street  By.  Joum.,  Feb.  18,  1905). 
"Shipley  Electricity  Works"  (Rlec.  Beo.,  Feb.  24,  1906). 
"  The  Dutch  Point  Plant  of  the  Hartford  Electric  Light  Co.*'  (Engineering  Bee., 

li.  pp.  204-206,  Feb.  25, 1905). 
"  Edison  Electric  Co.,  Los  Angeles,  Cal."  (EUc.  World  and  Engr.,  xlv.,  Feb.  25, 

1905). 
"  The  New  York  Underground  Ry.,"  F.  Koester  (Zeitschr.  d.   Vereines  Deutsch. 

Ing.,  March  4,  1905). 
"Construction  of  the  Port  Morris  Power-House  for  the  New  York  Central 

R.R."  (Engin.  Bee.,  March  4,  1905). 
"  Tests  of  Turbo-Qenerators  at  Neepsend,  Sheffield "  (Power,  March  1905 ; 

Engineering,  March  10,  1905;  Electrician,  liv.  pp.  826-827,  March  10, 

1905  ;  and  Mech.  Engr.,  March  25,  1905). 
"  Parallel  Running  of  a  5500  K.W.  Westinghouse- Parsons  Turbo-Qenerator  " 

(Engin.  Bee.,  March  11,  1905 ;  Elec.  World  and  Engr.,  xlv.  pp.  305-306, 

Feb.  11, 1905). 
"  Edison  Electric  Co.'s  System  in  Southern  California  "  (Elec.  World  and  Engr., 

March  11  and  25,  1905. 
"  Prime  Movers :  The  Rival  Claims  for  Central  Station  Work"  (Times  Engin, 

Supplement,  March  22,  1905). 
"  The  Brown-Boveri-Parsons  10,000  H.P.  Plant  in  the  Electric  Power  Station 

of  Essen  "  (Gliickauf,  April  8,  1905). 
"  Steam  Turbine  Plant  at  St  Guen,  Paris,  L.  Troske  "  (Zeitschr.  Vereines  Deutsch. 

Ing.,  xlix.  pp.  511-517,  April  1,  and  pp.  570-577,  April  8,  1905). 
"The  Application  of  Steam  Turbines  to  Automobiles,"  J.  Izart  (Vie  Auiom,y 

AprU  15, 1905). 
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"  Das  Stadtische  Elektrizitatswerk  i.,  zu  Frankfurt  a.  M.*  (Zeit8(Ji.  f,  d,  g. 

Turbinenw.  ii.  8,  pp.  121-124,  April  16,  1905  ;  ii.  13,  pp.  193-197,  July 

1,  1905). 
"A  2700  H.P.  Turbo- Alternator"  (Engineer,  xcix.  pp.  394-395,  April  21, 

1905). 
"  Steam  Turbine  Power  Plant  in  a  Poughkeepsie  Shop  "  {Engin.  Rec.,  April  22, 

1906). 
"  Electric  Lighting  and  Railway  Construction  in  the  Philippines  *'  (Elec.  World 

and  Engr.,  May  6,  1905). 
"  The  B.T.H.  Co.'s  Works  at  Rugby  "  (Engineering,  May  19, 1905). 
^*  Test  of  a  500  K. W.  Turbine  for  the  Preussen  Mine,"  F.  Schultze  (Glilckauf, 

xli.  pp.  633-635^  May  20,  1905). 
"The  Electricity  Works  of  the  State  of  Bern,"  Oppikofer  and  S.   Herzog 

(Schtoeiz.  EUktrotechn,  Z&Uschr^  May  20, 1905). 
"  The  Works  of  Messrs  Brown-Boveri  &  Co.,''  E.  Guarini  (Ainer.  Mack,,  June  3, 

1905). 
" The  Electrification  of  the  Metropolitan  District  Railway"  (Elec.  Fev.,  pp. 

938-943,  June  9,  and  pp.  978-983,  June  16,  1905). 
"The  Old  Colony  Railway  Power  Plant"  (Elec,  World  and  Engr.,  June  10, 

1905). 
"Efficiency  Testa  of  a  400  K.W.  Westinghouse-Parsons  Turbo-Generator" 

(Engin,    Rec,  June    10,   1905;  Elec.   Rev.,  N.Y.,  June   17,   1905;  and 

Electrician,  Iv.,  June  23,  1905). 
"The  Clyde  Valley  Electrical  Power  Scheme"  (Elec.  Rev.,  Ivi.  pp.  1019-1023, 

June  23,  1905  ;  and  Engineer,  June  23,  1905). 
"A  10,000  H.P.  Steam  Turbine,"  F.  Koester  (Powct-,  N.Y.,  July  1905). 
"  The  New  Electric  Power-House  at  Detroit,  Michigan "  (Elec,  Rev.,  Ivii.  pp. 

19-23,  July  7, 1905). 
"  Proposed  Municipal  Lighting  Plant  for  New  York  City  "  (Elec,  World  and 

Engr.,  July  8,  1905). 
"Power-Houae  for  the  New  York  Central  Electric  Lines"  (EUc,  World  and 

Engr.,  July  15,  1905). 
"Equipment  for  New  Plant  of  the  New  York  Edison  System"  (Elec,  World 

and  Engr.,  July  22,  1905). 
"Frome   Electricity   Works"   {Elec.   Review,    Ivii.    pp.    263-267,    Aug.    18, 

1905). 
"  Power  Plant  of  the  Boston  and  Worcester  Street  Railway  "  (Iran  Age,  Aug. 

31, 1905). 
"Generating  Plant  in  Loughborough  Electricity  Works"  (Elec.  Review,  Ivii. 

pp.  383-384,  Sept.  8,  1905). 
"  The  Yorkshire  Electrical  Power  Co."  (Elec.  Engr.,  xxxvi.  pp.  330-335,  Sept. 

8,  1905  ;  Elec.  Review,  Ivii.  pp.  342-346,  Sept.  1,  1905). 
"  New  Turbo-Generator  Plants  of  the  Clyde  Valley  Electrical  Power  Co.,  Ltd. " 

(Engng.  Rec.,  Sept  9,  1905). 
"  New  Power  Plant  of  the  Brooklyn  Rapid  Transit  Co. "  (Elec.  World,  Sept. 

23, 1905). 
*-The  Power  Station,"  Bushnell  (Street  Rly.  Joum.,   pp.   583-590,  Sept.   30, 

1905). 
"Lancashire  Electric  Power  Co.'s  System  of  Generation  and  Distribution" 

(Electrician,  pp.  1033-1038,  Oct.  13,  1905). 
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SECTION  C. 
SUPERHEATED  STEAM. 

(See  also  «  Particular  Plants.") 

1899. 

"Superheated  Steam,"  P.  Sclion  (Northern  Soc.  Elect.  Engrs.  Proc.,  v.  pp. 21-27, 
.  1899). 

1900. 

"  Production  and  Utilisation  of  Superheated  Steam,"  R.  S.  Hale  (Eng.  Mag,, 

xviii.  pp.  722-728,  Feh.  1900). 
'  Steam  Turbines  and  Superheated  Steam,"  R.  H.  Thurston  {Science^  xi.  pp. 

972-973,  June  29,  1900). 
**  Boilers  and  Engines   for  Superheated   Steam,"  Hunger  {Zeitschr.  Vereines 

Deutffch,  Ing.,  xlv.  pp.  597-603, 1901.    Paper  read  before  the  Bezirksveiein 

at  Essen,  Nov.  14,  1900). 

1902. 

''  Superheated  Steam,"  E.  Foster  (^n^.  Rec&rdy  xIy.  pp.  609-610,  Dec.  27,  1902. 
Abstract  of  a  Paper  read  before  the  Enginebuilders*  Soc.  of  the  United 
States). 

1903. 

**  The  Steam  Turbine  and  Superheat"  (Elec.  Rev.,  lii.  p.  163,  Jan.  23,  1903). 
"  Effect  of  Superheated  Steam  upon  the  Tensile  Strengtli  of  Alloys,"  J.  L. 

Hall  {Metallograj^ist,  vi.  pp.  3-8,  Jan.  1903). 
"  Highly  Superheated  Steam,"  Ewing  (Engineer,  xcv.  pp.  186-187,  Feb.   20, 

1903). 
"  Superheating  in  Central  Station  Engines,"  A  Vanderstegen  (Soc.  Beige  Elect. 

BiUl.,  XX.  pp.  93-124,  March  1903). 
"  Operation  of  Steam  Turbines  with  Highly  Superheated  Steam,"  E.  Lewiclsi 

(Zeitschr.  Vereines  Deutsch.  Ing.,  xlvii.  pp.  441-447,  March  28,  pp.  491-497, 

April  4,  and  pp.  525-530,  April  11,  1903). 
"  Test  of  Superheated  Steam,"  M.  Schroter  (Potoer,  N.Y.  xxiii.  pp.  288-293, 

June  1903). 
"Superheated  Steam,"  A.  Witz  (Kcl.  EUctr.yXxxv.  pp.  441-455,  June  20,  1903. 

Paper  read  before  the  Industrial  Society  of  tlie  North  of  France). 
"Theory  of  Superheated  Steam," H.  Bernard  (Genie  Civil,  xliii.  pp.  198-200, 

July  25, 1903). 
"The  Cruse  Controllable  Superheater"  (Engirueriivg,  Aug.  14,  1903). 
''Economy  of  Superheated  Steam"  (Prac.  Engr.,  Sept.  18,  1903). 
"  Guarantee  Tests  of  a  200  H.P.  Compound  Condensing  Steam  Engine  for 

Operation  with  Superheated    Steam,"   M.    Westphal   (Zeitschr.    Vereines 

Deutsch.  Ing.,  xlvii.  pp.  1387-1389,  Sept.  19,  1903). 
"  A  Sugden  Superheater  with  Regulator"  (Revue  Mminique,  Sept.  30,  1903). 
"  Superheating  and  its  Advantages  "  (Engin.  Mag,,  Oct.  1903). 
"Superheating  Experiments"  (Pag^s  Mag.,  Oct.  1903). 
"  Recent  Progress  in  Superheating^'  (Machy.  Market,  Oct.  1,  19a3). 
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"  Test  of  an  Engine  nsing  Superheated  Steam,"  E.  K.  Scott  {Tram,  Rly,  World, 

xiv.  pp.  450-452,  Nov.  12,  1903). 
"Superheated  Steam  for  Steam  Engines,"  J.  Goodman  (Cassier's  Mag.,  xxv.  pp. 

18^26,  Nov.  1903). 
"  Superheated  Steam,"  F.  J.  Rowan  {Trans.  Inst.  Engin.  and  Shipbuilders^  xlvii. 

pp.  1-24,  Oct.  1903,  pp.   1-20,  Nov.  1903,  pp.  1-22,  Dec.  1903,  and  pp. 

1-16,  Feb.  23, 1904). 
"Tests  of  a  Compound  Engine  using   Superheated  Steam,"  D.  S.  Jacobus 

(Eng,  Rec,,  xlviii.  pp.  724-725,  Dec.  12,  1903.     Abstract  of  a  Paper  read 

before  the  Amer.  Soc.  of  Mech.  Engrs.). 
"  The  Energy  Equivalent  of  a  Given  Degree  of  Superheat  in  Steam  and  the 

Behaviour  of    Superheated  Steam  near    the  Condensation  Limit,'*   A. 

Qriessman  {Zeitschr.  Vereines  Deutsch.  Ing.,  xlvii.  pp.  1852-1857,  Dec.  19, 

1903). 
"  Superheated  Steam,"  S.  Buir.(  fFe^e.  Soc.  Engrs,  Joum.,  viii.  pp.  691-715,  Dec. 

1903). 
"New  Types  of  Superheaters,"  W.  H.  Watkinson  {Inst.  Naval  Archs.  Trans., 

xlv.  pp.  266-280,  1903). 

1904. 

"  Specific  Heat  of  Superheated  Steam,"  Prof.  Dr.  Weyrauch  {Zeitschr.  Vereines 

Deutsch.  Ing.,  xlviii.  pp.  24-28,  Jan.  2,  1904,  and  pp.  50-54,  Jan.  9,  1904, 

and  Bull  Soc.  d' Encouragement,  106,  pp.  206-230,  March  1904). 
"  Turbines  and  Superheated  Steam,"  Booth  {Elec,  Review,  Feb.  26, 1904). 
"  Superheated  Steam  at  a  Pumping  Station  "  {Eng.  Rec,  xlix.  p.  397,  March  26, 

1904). 
"The    Conduction    of    Superheated    Steam,"  0.  Berner    {ZeUschr.    Vereines 

Deutsch.  Ing.,  xlviii.  pp.  473-478,  April  2,  pp.  530-536,  April  9,  and  pp. 

560-564,  AprQ  16,  1904). 
"Thermal  EflFect  and  Practical  Utility  of  Superheated  Steam,"  R.  H.  Smith 

{Elec.  Rev.,  liv.  pp.  771-773,  May  13,  1904). 
''The  Behaviour  of  Superheated  Steam  in  Piston  Engines," F.  Richter (Z«t^<c^r. 

Vereines  Deutsch.  Ing.,  xlviii  pp.  617-623,  April  30,  pp.  671-676,  May  7, 

and  pp.  706-709,  May  14,  1904). 
"  The  Specific  Heat  of  Superheated  Steam,"  H.   Lorenz  {Zeiisehr.    Vereines 

Deutsch.  Ing.,  xlviii.  pp.  698-700,  May  14,  1904). 
"  Use  of  Superheated  Steam  and  I]Leheaters  in  Compound  Engines  of  Large 

Size,"  L.  S.  Marks  {Arner.  Soc.  Mech.  Engrs,  Trans.,  xxv.  No.  021,  pp.  1- 

59,  1904 ;  Paper  presented  at  the  Chicago  Meeting,  May  and  June  1904; 

Engineer,  xcviii.  pp.  29-30,  July  8,  1904). 
"  Specific  Heat  of  Superheated  Steam,"  R.  H.  Smith  {Engineer,  xcviii.  pp.  25- 

26,  July  8,  1904). 
"Specific  Heat  of  Superheated  Steam"  {Engin,  Rec,,  1.  pp.  83-84,  July  16, 

1904). 
"  The  Schmidt  Superheater  "  {Tekn,  Tids.,  July  23,  1904). 
"Generation  of  Superheated  Steam,"  0.   Berner  {Zeitschr.  Vereines  Deutsch. 

Ing.,  xlvii.  pp.  1545-1552,  Oct.  24,  and  pp.  1586-1593,   Oct.  31,   1903, 

Power,  N.Y.,  xxiv.  pp.  463-464,  Aug.  1904). 
"Principles  and  Practice  of  Superheating,"  W.  H.  Booth  {Tram,  Rly.  World, 

xvi.  pp.  146-148,  Aug.  1904). 
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Specific  Heat  and  Total  Heat  of  Superheated  Steam,"  G.  A.  Orrok  {Power y 

N.Y.,  xxiv.  pp.  486-488,  Aug.  1904). 
Superheaters,"  B.  Taylor  {Po\Dery  N.Y.,  Aug.  1904). 
"  On  Superheated  Steam  for  Steam  Turbinea,"  A.  H.  Gibson  {Elec  Mag.^ 

Aug.  191)4). 
"  Specific  Heat  of  Superheated  Steam,"  H.  Lorenz  {Zeitschr,  Vereines  Deutsckr. 

Ing.,  Aug.  6,  1904). 
"  The  Schmidt  Superheater"  (EUJOrotechn.  Tids,  Aug.  10, 1904). 
"  Superheating  "  {Engineering  Review,  Sept  1904). 
'*  Advantages  of  Superheating    or    Steam   Jacketing  as   applied  to   Steam 

Turbines,"  A.  H.  Gibson  {Eng.  Rev.,  xi.  pp.  161-167,  Sept.  1904), 
*'  The  Hering  Superheater  and  its  Application  to  Steam  Boilers "  ( Uhland^s 

Zeitsckr,,  Sept.  1, 1904). 
"European  Practice  in  the  Use  of  Superheated  Steam,"  F.  Eoester  {Power, 

N.Y.,  xxiv.  pp.  658-559,  Sept.  1904,  and  pp.  598-^99,  Oct.  1904). 
*'The  Assistance  of  Superheated  Steam  for  Reducing  the  Cost  of  Electric 

Energy,"  E.  J.  Fox  {Iron  and  Coal  Trades  Rev.,  Nov.  4, 1904.) 
"The  Specific  Heat  of  Superheated  Steam,"  S.  A.  Reeve  {Joum.  Worcester 

Polytechn.  Inst.,  Nov.  1904). 
"  Einfluss  der  tj  berhitzung  bei  Dampf turbinen,"  Lapouche  {Die  Turbine,  i.  pp. 

13-16,  Oct.  1904  ;  ii.  pp.  34-36,  Nov.  1904). 
"The  Specific  Heat  of  Superheated  Steam,"  R.  H.  Smith  {Revue  M^aUurgie, 

Dec.  1904). 
"  A  Contribution  to  the  Study  of  Superheaters  and  Superheating"  {Vulkan, 

Dec.  15  and  31, 1904). 
"The  Schmidt  Steam  Superheater"  {Engineering,  Dec.  23, 1904). 

1905. 

"  An  Improved  Down-take  Superheater"  {Powr,  N.Y.,  Jan.  1905). 

"  Economy  in  Superheat "  {Erigineer,  Chicago,  Feb.  1,  1905). 

"  The  Specific  Heat  of  Superheated  Steam  "  {Engineer,  xcix.  p.  105,  Feb.  3,  pp. 

135-136,  Feb.  10,  1905). 
"  The  Tinker's  Superheater,"  {EUk.  Tidsch,,  Feb.  20,  1905). 
"A  Compound  Superheater  employed  in  Berlin,"  R.  Hildebrand  {Power,  N.Y. 

Mar.  1905). 
"  Effects  of  Superheating  and  of  Vacuum  on  Steam  Engine  Economy,"  R.  M. 

Neilson  {Eng.  Mag.,  March,  April,  May,  June,  and  July  1906.      BuU.  Soc. 

dEncouragement,  107,  pp.  645-663,  May  1905). 
"  Superheater  Duties  and  Design,"  F.  Koester  {Power,  N.Y.,  March  1906  ;  and 

Prac.  Engr.,  March  24,  1905). 
"  Superheated  Steam,"  A.  G.  Gibson  {Mech.  Engr.,  xv.  pp.  423-426,  March  25, 

and  pp.  458-459,  April  1,  1905.     Paper  read  before  the  Owens  College 

Eng.  Soc,  Feb.  7,  1905). 
"  Experiments  on  the  Transmission  of  Heat  in  a  Heizmann  Superheater,"  O. 

Berner  {Zeitschr.  Vereines  Deutsch.  Ing.,  xlix.  pp.  461-466,  March  25,  and 

pp.  564-570,  AprU  8,  1905). 
"  Different  Types  of  Superheaters  "  {Revue  M4canique,  May  1905). 
"Specific  Heat  of  Superheated  Steam,"  R.  C.  H.  Heck  {Power,  May  1905; 

Machinery,  June  1905). 
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"  Qohrig's  Centrifugal  Steam  Saperheater,"  Lichte  {Deui,  Techn.  Ztg,,  June  3, 

1906). 
"  Performance  of  a  Superheater  of  1000  Sq.  Ft.,"  A.  Bement  {Mich,  Engr.,  xv. 

pp.  82^-824,  June  10,  1905.     From  Amer.  Soc.  Mech,  Engrs,  Traiu,^  vol. 

xxvi.,  June  1905). 


SECTION  D. 

CONDENSING  PLANT. 
(See  also  "  Particular  Plants.") 

1899. 

"  Evaporative  Condensers,"  H.  Q.  V.  Oldham  (Inst.  Mech,  Engrs.  Proe.,  ii.  pp. 

185-207.    Discussion,  pp.  207-254,  Apr.  1899). 
"  Flow  of  Water  through  a  Surface  Condenser,'*  M.  Longridge  (Mech,  Engin.^ 

iv.  pp.  602-603,  Oct.  21,  1899). 
**  Condensers,"  S.  Payne  {Indw.  and  IroUy  xxvii.  pp.  331-332,  Nov.  17,  1899. 

Pftper  read  before  the  Manchester  Soc.  of  Junior  Elec.  Engrs.,  Oct.  31, 

1899). 

1900. 

*'  Efficiency  of  Steam  Boilers  and  Surface  Condensers,"  T.  £.  Stanton  (Mech, 
Engr.y  v.  pp.  446-448,  Mar.  31, 1900.  Paper  read  before  the  Owens  College 
Engineering  Soc.). 

1902. 

"Evaporative  Surface  Condensers,"  H.  Q.  V.  Oldham  (Feilden,  vi.  pp.  107- 

120,  Feb.  1902). 
"Jet  Condensers  with  Auxiliary  Water- Vessels,"   F.  J.   Weiss  (Zeitschr.  d, 

Vereines  Deutsch.  Ing.,  xlvi.  pp.  1449-1456,  Sept.  27,  pp.  1494-1499,  Oct. 

4,  and  pp.  1591-1595,  Oct.  18,  1902). 
"Balcke  Condensing  Plant  at  Diisseldorf '*  (Klec,  Times^  xxii.  p.  714,  Nov.  13, 
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Fio.  616. — "  Victorian  "  Starting  Gear.     (Taken  from  top  of  h.p.  turbine.) 


Fig.  516.—"  Victorian  "  New  Propellers.     (Mar.  20,  1906.) 
Diameter,  7  ft.  6  in.  ;  pitch,  7*44  ft. 

{Photos  by  Chief  Engineer  J,  W.  Hendry.) 


APPENDIX 


EQUIVALENT  CONSUMPTIONS  PER 
POWER  HOUR,   AND  PER 


KILOWATT  HOUR,    PER   ELECTRICAL    HORSE- 
INDICATED  HORSE-POWER  HOUR.» 


Output  from  Electric  Generator 
corresponding  to  Engine  Con- 
sumptions (of  Stated  Efficiencies) 
per  I.H.P.H.  stated  in  tlie 
Columns  on  the  right  of  this. 


Consumption  per  Indicated  Horse-Power  Hour. 


Combined  Efficiency  of  Engine  and  Generator. 
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U'17 

2  01 

k-u^ 

2-14 

k-72 

2-27 

S 

ZU 

7-60 

2-57 

6-67 

1-800 

S-97 

1-980 

U-36 

206 

U-5U 

2-18 

k-81 

2-31 

5-10 

1     8-48 

7-66 

2-59 

6-71 

1-816 

4 

1-950 

U-X9 

2  07 

U-57 

2-21 

U86 

2-83 

5-lh 
5-29 

'     8-67 

7'S7 

2-67 

588 

1-867 

u-is 

8 

U'Ul 

2-13 

U'70 

2-27 

U-91 

2-40 

3-68 

7-88 

2-67 

5-88 

1-870 

WIS 

8 

U'hl 

218 

U'71 

2-27 

6 

2-41 

5-29 

1     8-60 

7-9S 

2-68 

5'9S 

1-880 

U'lU 

2-01 

U'ItU 

2-15 

U-7U 

2-28 

503 

2-42 

53U 

1     3-68 

6 

2-71 

1     5-97 

1-897 

U'18 

2-03 

U'lS 

216 

k-77 

2-30 

5-07 

2-43 

5-S7 

1     3-65 

8-OU 

2-72 

6 

1-905 

U-20 

2-04 

U'50 

2-18 

k-80 

2-31 

510 

2-45 

8-76 

8't8 

2*80 

6-17 

1-960 

U'33 

2-10 

k'63 

2-24 

1    k'9k 

2-38 

6-25 

2-52 

556 

1     3-81 

8-88 

2-83 

1     6-25 

1-980 

h'87 

2-13 

k'69 

1     2-27 

S 

2-41 

5-31 

2-56 

5  63 

Power y  March  1904,  published  the.abore  list  in  English  unita  only. 
779 


780 


STEAM  TURBINE  ENGINEERING 


Eqitivalknt  Consumptions,  vro.—cofUimud, 


Output  from  Electric  Generator 
correapondlng  to  Engine  Con- 
sumptions (of  Stated  Efflciencles) 
per  I.H.P.H.  stated  In  the 
Columns  on  the  right  of  thitf. 

Consumption  per  Consumption  per 
K.W.H.  Output.  1        E.H.P.H. 



Consi 
Comb 

imptiun 

per  Indicated  Horse-Po«rer  Hour. 

Ined  Effl 
cent. 

Pound* 

_ 

U'9U 

clency  of  Engine  and  Generator. 

70  per  cent. 
Kgs.      Pounds.^ 
2-09         U-GO 

76  pel 
Kgs. 

80  per  cent. 

1 

1     2-88    j    5U 

85  per  cent. 

90  pel 
Kgs. 
2.68 

rcent. 

Kgs. 

1 
Pounds.     KgH.      Pounds. 

_   '     _         1 

8-83     1     2-93          6-56 

Kgs. 

Pounds. 
5-57 

Potmds. 

2-24 

258 

5-ifl 

4-05 

8'H 

8-03     1     0-67 

2- 1 2 

U-67     1 

2-27 

6 

'     2-42 

5-33 

2-57 

5-67 

2-72 

6 

4-08 

9 

804     1     G-71 

213 

1,-70    1 

2-28 

5  03 

1     2-44 

5-37 

2-59 

571 

274 

6-0*^ 

417 

U20 

8- 11      1     6-85 

218 

U'81 

2-81 

5-U 

219 

5-1,9 

2-64 

5  8S 

2-80 

6  17 

4-26 

9-S8 

318     1     7 

2-22 

U-90 

288 

5  £5 

2-54 

560 

2  70    1    5-95 

2-86 

6-A> 

4-30 

9'Ui 

3-20 

7-00 

2-24 

U-9U 

2-40 

5-S9 

2'66 

5-65 

2-72         6 

2-88 

6-Sfi 

4-34 

967 

3-24 

7-lh 

2-27 

»         1 

2-48 

5-30 

2-69 

571 

2-75         6-07 

2-92 

6-i.l 

4-40 

070 

3-28 

7-iS 

2  29 

505    ' 

2-46 

5-Ui 

2-62 

5-77 

2-78         6-13 

2-95 

6-rM.t 

4-54 

10 

3-38           7-1,6 

2-37 

5-SS 

2-64 

5-59 

;  2-71 

5-97 

2-87 

63U 

81H 

6-71 

4-57 

10-05 

8-40     1     7  50 

2-38 

5-25 

2-55 

5-6S 
5-66 

'     272 

6 

•i-89.   1     637 

8-06 

6-7i 

4-60 

10-13 

343     1     7-50 

2-40 

5-i9 

2-57 

2-74 

6-01, 

2-91    1   6-/a 

809 

6-81 

4-73 

10l»S 

3-63     1     7-78 

2  47  ■ 

\^'^  ; 

2-65 

5-83 

1     2-75 

6-07 

2-98    1     6-1,6 

8-18 

7 

4-80    ■   10-58    1     8-68     '     7'SV 

2-51 

5-5U 

2-69 

6-93 

2-86 

6-31 

3  04    ,     6-70 

8-22 

7-10 

4-87     '    10'7£         3-63     i     8 

2-54 

5-60    ' 

2-72 

6 

,    «»o 

6-W 

8-08    "    6-80 

8-26 

7-ifi 

4-97        11              3-72     ^     8'il 

2-61 

6-n  ' 

2-79 

6-15 

1     2-98 

6-56 

8.16     1 

6-97 

3-85 

73S 

6             ll'Oi         3-73          8'Si 

2-61 

5-76 

2-80 

6-16 

2-98 

6-57 

817    i    6  98 

a-36 

7-W 

601        11-OU 

3-74          H-»3 

j 

2  62 

r,-76 

2-81 

6-18 

'     2-99 

6-59 

818 

7 

3-36 

7U1 

6-20     1    ll-l^ 



3-88     1     8-55 

2-71 

5-97 

1 

2-91 

6-U2 

1     310 

.  6-8U 

8-80 

797 

3-49 

?-69 

5-21 

11-149 

3-89 

8-57 

2-72 

• 

2-92 

6-h3 

1     311 

6-86 

3-81 

729 

8-50 

7-71 

6 -32 

11-7S 

8-97 

8-75 

2-78 

6-J3    ' 

2-98 

6-56 

i     3-18 

7 

3.8H 

7-kk 

8-67 

7-87 

6-87 

118i    \    4 

8-82 

2-80 

0-17    1 

8 

6-61 

1     8*20 

7-05 

3-40 

7-Uf 

8-60 

7-93 

5-41 

11-91     1    4-08 

S-89 

2-82 

6'i!    1 

3  02 

6-67 

1     8-28 

7-11 

8^43 

7-66 

868 

8 

5-44 

la          1     4  06 

8'J5 

2-84 

6-26     ' 

3-04 

6-71 

;     3-25 

7-16 

8-45 

7-61 

8^66 

8-06 

6-47 

U06    1     4-08          9 

2-86 

6-30     1 

3  06 

6  75 

,     8-27 

7-iO 

3-47 

7-65 

8-68 

8-10 

5-60 

n-Sk     1     4-17          9'iO 

2-92 

Ohi,     1 

313 

6-91 

1     8-84 

7-36 

3-65 

7-83 

8-76 

8't9 

5-68     1    lS-51     '     4-23     ,     WM 

1 ■ 

2-96 

6-53 

318 

7 

889 

7-U7 

3-60 

793 

8-81 

8-ift 

5-72 

13-ei     1     4-27      j      9-UO 

2-98 

6-57 

3-20 

7-05 

8-41 

7  51 

3-63 

8-00 

8-84 

S-i6 

6-72 

13-6S     1     4-27 
li-SS         4-30 

9  1,1 

299 

6-59     ' 

8-21 

7-06 

8-42 

7-53 

8-68 

6 

8-84 

8-U7 

5  85 

9-01 

3-05 

6-7i 

3-27 

7 -SI 

3-49 

7-71 

8-71 

8-18 

3-92 

86i, 

5-90     1    18              4-40     ;     .970 

3  08 

6-79     , 

3-80 

7-X7 

1     8-52 

7-76 

8-74 

8-H 

8-96 

8-73     1 

6         1   IS'SIS         4-48          ySS 

3-18 

6-90    1 

8-36 

7-1,0 

1     8-58 

7-89 

8-80 

8-S8 

4*08 

8-90     1 

608    1  IS'W    ,    4-64        10 

8-17 

7         , 

8-41 

7-50 

1     8-68 

8 

8-86 

8-50 

4-08 

9         ' 
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Equivalent  Consumptions,  ktc— co?i<iwtt«i. 


Oatpat  from  Electric  Generator 

sumptions  (of  Stated  EfBciencics) 

per  I.H.P.H.  stated  in  the 

Colnmns  on  the  right  of  tlils. 

Consumption  pei*  Indicated  Horse 

Power  H 
nd  Genei 

our. 
■ator. 



Combined  Efficiency  of  Engine  a 

Consumption  per 
K.W.H.  Output. 

Consumption  per 
E.H.P.H. 

70  per  cent. 

76  per 

cent. 

1 

80  per  cent. 

85  pel 

cent. 

90  per  cent. 

1 

1      Kjfs.    1 

Potmdx. 

Kgs. 

Poundt. 

10-07 

Krs. 
3-20 

P<nmds. 

7-05 

Kgs. 

1 
Pound*. 

7-55 

Kgs. 

Pounds. 

1 

Kffs. 
3-89 

Pounds. 

1 
Kgs. 

Pounds. 
9-08 

6-13 

IS'50    '    4-67 

3-48 

3-66 

8-06     1 

8-58 

4-12 

6-35 
6-40 

M         '    4-74 

10-U 

3-82 

7-31 

3-50 

7-83 

8-79 

8-35 

4-03 

8-88 

4-26     j 

9-1,0 

lU'll     '     4-77 

10-50 

3-34 

7-36 

3-68 

7-90    ' 

8-82 

8ia 

4-05 

8-93 

4-29 

9-1,7 

6-44 

lh'19    '    4-81 

10-59 

8-36 

7-1,1 

8-60 

7-91, 

8-84 

8-1,7 

4-08 

9 

4.32    1 

9-53 

1      6-48 

lUSO    '    4-84 

10-67 

8*38 

7-U7 

8-68 

6 

3-87 

8-53     , 

4-12 

9  07 

4-35 

9-60 

1      6-60 

IU'55    1    4-92 

j 

10-83 

8-44 

7-58 

3-69 

8-13 

8-94 

8-68 

418 

9-22 

4-43 

9-78 

6-69 

1U'7U        4-97 

11 

3-49 

7-70 

3-76 

8-25 

8-97 

8-80 

4-24 

9-35 

449 

9-90 

6-70 

W77 
lU-89    . 

6 

11-02 

3-50 
3-53 

7-72 

8-76 

8-26 

4 

8-82     ' 

4-26 

9-36 

4-50 

9-92 

,      6-76 

6-04 

IVll 

7-78 

■8-78 

8-33 

4-03 
406 

8-89 
8-95 

4-27 
4-32 

9-hU 

4-54 

10 

6-81 

16 

508 

1119 

3-55 

7-83 

3-81 

8-39 

9-51 

4-66 

10-01 

6M 

16-08 

511 

11-25 

3 -57 

7-87 

8-88 

8'hl, 

4-08 

9 

4-34 

9-56 

4.59 

1012 

6-90 

U-iO         6-15 

11-SU 

8-60 

7-93 

8-S6 

8-51 

412 

9-07 

4-38 

966 

463 

10-20 

6M 

15-Sa        5-18 

11-1,3 

3-63 

8 

3*89 

8-57 

4  14 

9-11, 

4-41 

9-71 

4-66 

10-29 
10-35 

7 

15ltS 

6-22 

11-50 

8-68 

8-12 

8-92 

8-6U 

4-18 

9-22 

4-44 

9-78 

4-70 

716 

15-77 

5-84        11-76 

8-74 

8-23 

4-01 

8-83 

4-27 

9-1,1 

4-54 

10 

4-80 

10-59 

7-26 

16 

6-42 

11-91, 

8-79 

8-35 

4-06 

8-95 

4-33 

955 

4-60 

10-15 

4-87 

10-71, 

,     ^-^^ 

lG-09 

5-45 

18 

3-81 

81,0 

4-08 

9 

4-36 

9-60 

4-68 

10-20 

4-91 

10-80 

7-37 

less 

5-50 

1212 

3-85 

850 

418 

9-12 

4-40 

9-70 

4-68 

10-30 

4-96 

10-90 

7  44 

16  S8 

5-55     1   IXtg 

3-88 

8-56 

4-16 

9-17 

4  48 

9-78 

4-71 

1039 

4-98 

11 

1     750 

16-53 

6-59     1    12-31 

3-92 

8-63 

419 

9-21, 

4-47 

9-85 

4-76 

10-1,6 

608 

1110 

7-60 

1676 

6-67     j   13-50 

8-97 

8-76 

4-26 

937 

4-64 

10 

4-82 

1062 
10-71 

610 

11-25 

7-67 

1   16-90 

5-72     '   li-60 

1 

4 

8-81 

4-28 

9-1,5 

4-57 

1006 

4-86 

5  15 

11-35 

7-72 

17 

6-75 

12-68 

4-03 

8-88 

4-32 

9-51 

4-60 

1015 

489 

10-78 

1     5-20 

ll-kl 

7-82 

17'i3 

5-84 

12-86 

4-08 

9 

4-37 

9  6U 

4-67 

10-29 

4-96 

10-93 

1     5-25 

11-57 

7-87 

17-35 

5-87        13-9U 

1    4-11 

9-06 

4-40 

9-71 

4-70 

10-35 

4-99 

11 

,     6-28 

11-65 

7-90 

!   17-W 

5-88     1   12-99 

1    ^''^ 

9-07 

4-41 

9-72 

4-71 

10-38 

6 

11-02 

'     6-29 

11-60 

7-91 

1   17-1,3    1    5-90 

1 

18 

1    ^''^ 

9-10 

4-42 

9-75 

4-72 

,  lO-W 

5-01 

11-05 

6-81 

11-70 

8 

1   17-6U 

5-97 

13-13 

417 

919 

4-47 

9-85 

4*77 

10-63 

507 

11-16 

1     6.87 

11-83 

8-12 

1   1787 

6-05 

13-33 

4-23 

9-33 

4-54 

10 

4-84 

10-67 

6-14 

11-33 

1     6-44 

12 

816 

i» 

610 

IS'hS 

4-26 

9W 

4-67 

10-07 

4-86 

1  10-71, 

6-17 

u-ui 

1     5-48 

12-08 

8"20 

1807 

612 

13-U7 

4-28 

9-1,5 

4-69 

10-11 

4-89 

10-80 

6-20 

1 1-1,6 

'     5-61 

12-13 

8-87 

18-1,3 

6-24 

13-75 

4-37 

9-62 

4-68 

10-31 

4-99 

11 

6-31 

11-69 

5-62 

12-37 
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STEAM  TURBINE  ENGINEERING 


Equiyalbnt  Consumptions,  bto. — continued. 


Output 

corres 

8umpti( 

Golui 

Gonnxmi 
K.W.H. 

Kgs. 

from  El< 
ponding  1 
)ns(of  Sti 
I.H.P.H. 
nns  on  tb 

>tlon  per 
Output. 

Pounds. 
18-7S 

jctric  Gei 
bo  Engine 
KtedEfflc 
stated  in 
e  right  o 

Consum] 
E.H 

Kgs. 
«-84 

ierator 

Con- 
iencies) 

the 
rthis. 

prion  per 
P.H. 

Pounds. 

Consumption  per  Indicated  Horse-Power  Hour. 

70  per  cent. 

Combined  Efficiency  of  Engine  » 
75  per  cent,     i      80  per  cent. 

indGene 

85  pe 

-- 
Kgs. 

5-89 

rator. 
rccnt. 

90pereent. 

Kgi. 
4-44 

Pounds. 
9-78 

Kgs. 
4-75 

Pounds. 

1   10-Ui 

Kgs. 
507 

Pounds. 

1 

^  Pounds. 

Kics. 

Powidt. 

8-50 

lS-95 

11-17 

11-88 

570 

1355 

8-61 

18-77 

6-86 

14 

4-45 

9-80 

4-76 

10-50 

608 

11-2 

5-40 

11-90 

5-71 

13-Gfi 

8-69 

18-92 

6-41 

lU-12 

4-48 

9-88 

4-80 

10-59 

518 

11-29 

5^5 

U 

6-76 

13-71 

8-62 

19 

6-48 

W17 

4-50 

9-92 

4-82 

10-63 

515 

11-3U 

5-47 

13-05 

5-78 

15-76 

8-69 

19-15 

6-48 

lU-29 

4-54 

10 

4-86 

10-71 

519 

11-1,3 

5-51 

13-lU 

583 

13  S€ 

8-7J 

19't0 

6-60 

1U-3S 

4-55 

10-OU 

4-87 

10-73 

5-20 

11-1,6 

5-52 

1217 

5-85 

1*90 

8-79 

19-S6 

6-55 

U-kU 

4-59 

10-11 

4-92 

10  83 

5-24 

11-55 

5-57 

13-28 

5-90 

IS 

8-88 

19-67 

6-58 

lU-50 

4-61 

10-15 

4-94 

10-89 

5-27 

11-60 

5-60 

13-3U 

5-93 

13-07 

8-99 

19-65 

6-65 

U-67 

4-66 

1027 

4-99 

11 

582 

11-73 

5-66 

13-1,7 

6-99 

IS-^J 

9 

19-8U 

6-71 

lU-80 

4-70 

10S5 

5-08 

11-10 

5-87 

11-83 

5-71 

13-58 

6-04 

1330 

9-07 

» 

6-76 

1U-9S 

4-74 

lOUU 

6-08 

11-19 

642 

11-9U 

5-75 

12-68 

610 

IS-iS 

9-18 

90-11 

6-81 

16 

4-77 

10-50 

510 

11-25 

5-45 

12 

5-79 

12-75 

618 

13-50 

9-20 

tO-99 

6-86 

1511 

4-80 

1058 

5-14 

11-32 

5-48 

12-08 

5-83 

12-85 

6-17 

13-60 

9-81 

f050 

6-94 

15-29 

4-86 

10-71 

5-21 

11-Ul 

5-55 

12-23 

5-90 

18 

6-94 

13-76 

9-89 

tO-70 

7 

15-1,3 

4-90 

10-80 

5-26 

11-56 

5-60 

12-31, 

5-95 

'  13-10 

6-80 

13-as 

9-46 

90-85 

7*06 

15-56 

4-94 

10-89 

5-29 

11-67 

5-64 

12-U 

5-99 

!  13-22 

6-85 

14 

9-50 

20-95 

707 

15-58 

4-95 

10-90 

5-80 

11-68 

5-65 

13-lS 

6 

13-3!, 

6-36 

14  OJ 

9M 

U 

7-11 

15-67 

4-98 

1097 

5-88 

'    11-75 

5-f:8 

12-53 

6-05 

'  13  33 

6-40 

lU-IO 

9-66 

2106 

718 

15-71 

4-99 

11 

5*84 

11-78 

5-70 

12-57 

6-06 

13-36 

6-42 

u-n 

9-68 

21-35 

7-22 

15-90 

6-06 

11-15 

5-42 

11-93 

5-77 

12-71 

614 

13-53 

6-50     j 

w-.« 

9-78 

21-1^1 

7-26 

16 

5-08 

11-20 

5-44 

18 

6-81 

12-80 

617 

13-60 

6-58     1 

lu-io 

9-88 

21-78 

7-87 

16-25 

516 

11-57 

5-58 

12-19 

6-90 

IS 

6-26 

1381 

6-64 
6-68 

Ih-Si 

9  95 

21-9S 

7-48 

16  88 

6-20 

11  W 
11-1,9 

5-57 

12-28 

5-94 

13-09 

6-82 

13-93 

W7S 

9-98 

tt 

7-45 

16-U 

6-21 

5-58 

13-31 

5-96 

1313 

688 

15-95 

6-70     ' 

n-77 

10 

32-05 

7-46 

16-1^5 

522 

11-51 

5-69 

1333 

5-97 

13-17 

6-34 

1  1397 
14 

6-71 

IU-7'J     , 

1001 

2208 

7-47 

16-U7 

5-28 

115S 

5-61 

^   12-35 

5-98 

13-18 

6-35 

6-72 

li-Si 

10-05 

22-17 

7-60 

16-58 

5-24 

11-55 

5-62 

12-37 

• 

13-23 

6-87 

'  11,-06 

6-75 

i;-.? 

10-18 

22-U 

7-56 

16-67 

6-29 

11-67 

5-67 

1   13-50 

6-05 

13-33 

6-43 

lU-17 

6*81     , 

u 

1035 

32-60 

7-65 

16-87 

6-35 

11-80 

5-74 

1367 

612 

13-i9 

6-50 

11,33 

6  87 

] 

15-n   ( 

10-88 

32-78 

7-71 

17 

5-40 

11-90 

5-78 

13-75 

.617 

13-60 

6-55 

a-i^'i 

6-94     1 

1,^-90 

10-87 

22-90 

7-74 

17-07 

5-42 

11-9U 

5-80 

12-80 

6-19 

13-6U 

6-67 

lU-kS 

6-97 

15-S5 

10-42 

2298 

7-77 

17-15 

5-44 

11-99 

5-88 

12-87 

6-22 

13-70 

6-61 

1U-S6 

7       ! 

15-iS 
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Eqttitalsnt  GoMBincFTiON,  ETC. — wWUnued. 


Oatpat  from  Electric  Gen 
oorretpoDdlng  to  Engine 

sninptlons  (of  Stated  EfBc 

per  LH.P.H.  stated  In 

Columns  on  the  right  of 

erator 
Con- 
iencies) 
the 
this. 

>tion  per 
P.H. 

Consumption  per  Indicated  Horse-Power  Houi. 

70  pel 

Combined  Efficiency  of  Engine  and  Generator. 

Consumption  per 
K.W.H.  Output. 

Consumi 
E.H. 

cent. 

76  per  cent. 

80  per  cent 

86  pel 

eent. 

90  per  cent. 

Kgs. 
10-44 

Pound*. 

Kgs. 

Pounds. 

6-46 

Pounds. 
19-01 

Kgs. 
6-84 

Pounds. 

Kgs. 

Pounds. 

Kgs. 
6-62 

Pounds. 

Kgs. 



7-01 

Pounds. 

» 

7-78 

17-16 

19-87 

6-28 

13-73 

lU-68 

15-M 

10-50 

tS-15 

7-88 

17-96 

6-48 

1908 

6-87 

19-93 

6-26 

13-80 

6-66 

lU-66 

7-04 

15-51 

10-63 

tS'SS 

7-86 

17-33 

6-61 

19-13 

6-90 

18 

6-29 

13-87 

6-68 

lU-73 

7-07 

16-60 

10-64 

tS'lS 

7-94 

17-50 

6-66 

19-96 

6-96 

13-19 

6«86 

14 

6-74 

lk-87 

7-14 

16-76 

10-78 

2S'6U 

8 

17-6U 

6-69 

19-33 

6-99 

13-90 

6-89 

lh-09 

6-80 

lU-98 

7-20 

16-86 

10-74 

SS-66 

8-01 

17-65 

6-60 

19-35 

6 

13-93 

6-40 

lU-19 

6-81 

IS 

7-21 

16-88 

10-81 

tS'8S 

8-06 

1778 

6-66 

19-Uh 

6-04 

13-33 

6-46 

lh-99 

6-86 

16-11 

7-26 

10 

10-88 

M 

8-12 

17-90 

6-68 

19-53 

6-09 

13-1,3 

6-49 

lU-39 

6-90 

15-99 

7-80 

16-11 

10-90 

wos 

8-13 

17-93 

6-69 

19-55 

6-10 

13-U5 

6-60 

lU-33 

6-91 

16-9U 

7-82 

16-U 

10-98 

SU'IS 

8-16 

18 

6-72 

19-60 

6-12 

13-60 

6-58 

lU-W 

C-94 

15-30 

7-86 

16-90 

11 

iU-»5 

8-20 

18-08 

6-74 

19-65 

616 

13-56 

6-66 

U-k6 

6-97 

15-36 

7-87 

16-99 

11-28 

iU'89 

8-42 

18-57 

6-89 

18 

6-82 

13-93 

6-74 

U'86 

7-16 

16-79 

7-68 

16-71 

1    11-34 

S6 

8-46 

18-65 

6-92 

13-05 

6-84 

13-99 

6-77 

lU-99 

719 

15-86 

7-61 

16-78 

1    11-86       25^09    \    8-46 

18-67 

6-98 

13-07 

6*86 

14 

6-78 

lU-93 

7-20 

15-87 

7-62 

16-80 

11-87     ts-oe 

8-48 

18-71 

6-91 

13-10 

6-86 

lU-09 

6-79 

lU-96 

7-21 

16-90 

7-63 

16-83 

11-89     ,  tS-lS        8*60 

18-76 

6-96 

13-19 

6-37 

W06 

6-81 

16 

7-23 

16-9U 

7-66 

16-87 

11-48       85'$S 

8-64 

18-8U 

6-98 

13-18 

6-41 

lU-19 

6-80 

15-06 

7-26 

10 

7-68 

16-9U 

11-48 

25-59 

8*66 

18-88 

6-99 

13-99 

6-42 

lA-17 

6-86 

16-11 

7-28 

16-06 

7-71 

17 

11-60 

96-36 

8-68 

18-90 

6 

13-93 

6-48 

lU-18 

6-86 

16-19 

7-28 

16-06 

7-72 

1709 

11-64 

ffS'U? 

8-62 

19 

6-08 

13-30 

6-47 

lU-96 

6-90 

1590 

7-88 

1615 

7-76 

17-10 

11-62 

9563 

8-67 

1911 

6-07 

13-38 

6-60 

1U-3S 

6-93 

16-98 

7-37 

16-91 

7-80 

17-90 

11-79 

86              8-78 

1939 

616 

13-68 

6-60 

U-66 

704 

16-69 

7-47 

16k9 

7-92 

17-A6 

12 

96'AS        8-96 

19-70 

6-26 

13-80 

6-71 

IU'78 

7-16 

15-79 

7-60 

16-76 

8-06 

17-76 

1217 

96-81         907 

80 

6-86 

14 

6-81 

16 

7-26 

16 

7-71 

17 

8-16 

18 

12-24 

Zt         1     913 

SOU 

6-89 

lU-10 

6-86 

16-11 

7-81 

1611 

7-76 

17-19 

8-22 

1813 

12-60 

97-55    j    9-83 

90-58 

6-68 

lU-W 

7 

u-ia 

7^6 

16-U> 

7-98 

17-60 

8-40 

18-59 

12-70 

88 

9-47 

90-88 

6-68 

lU-62 

710 

16-67 

7-67 

16-71 

8-06 

17-75 

8-68 

18-90 

12-74 

98-10 

9-60 

909k 

6-66 

IU'66 

712 

15-70 

7-60 

16-76 

807 

17-78 

8-66 

18-86 

12-76 

9816 

9-62 

81 

6-67 

lk-70 

714 

16-75 

7-62 

1680 

8-10 

17-85 

8-67 

18-90 

12-84 

98-30 

9-66 

91-11 

6-70 

lU-78 

7-18 

16-83 

7-66 

16-89 

8-14 

17-9U 

8-62 

18 

12-87 

98-39 

9-60 

91-18 

6*72 

lU-89 

7-20 

1588 

7-68 

16  9U 

817 

18 

8-64 

19-06 

12-98 

98-A8 

9-68 

91-96 

6-74 

W87 

728 

169k 

7-71 

17 

8-19 

18-06 

8-67 

1919 
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Equivalent  Consumftionb,  vrc^coniinued. 


Output  from  Electric  Gen 
conesponding  to  Engine 

sumptions  (of  SUted  Effiel 

per  l.H.P.H.  stated  In 

Coluitns  on  the  ri^ht  of 

erator 

Con- 

enties) 

the 

this. 

tlon  per 
P.H 

Pounds. 

fi-55 

70  per 
Kgs. 
6-77 

cent. 
Pounds. 
W9S 

Consumption  per  Indicated  Horse-Power  Hour. 

Combined  Efficiency  of  Engine  and  Generator. 

Consumi 
K.W.H. 

>tionper  Consamp 
Output.  1        E.H. 

Pounds.     Kgs. 

76  pel 

cent. 
Pounds. 

80  per  cent. 

85  per 
Kgs. 

cent. 

Pounds. 

18-15 

90  per 
Kgs. 
8-71 

cent. 

Kgs. 

Kgs. 

Kg.. 
7-74 

Pounds. 

Pomdt. 

12-96 

t8'60        9-67 

7-26        16 

17-07 

i 
8-22    , 

idio 

18 

28-m         9-69 

ns7 

6-78 

U-9 

7-27         160k 

7-75 

17-10 
171U 

8-23  ; 

1816 

8-72 

199i 

1802 

i8-7Z         9-72 

iVkS 

6-81 

16 

7-28        16-07 

7-77 

8-26 

18-21 

8-75 

1929 

18U 

29             9-82 

2103 

6-97 

Ifrlk 

7-86     1   16-22 

7-86 

17-31     ' 

8-34     . 

18-S9 

8-88 

19-U 

13-87 
13-42 

g9'k9         9-97 

8S 

6-98 

16'U0 

7-48     1    16-50 

7-98 

17-60 

8-47 

18-70 

8-98 

I9-S0 

S9'60       10 

SS05 

7 

ISkS 
15-56 

7-60 

16-5U 

6 

n-6U 

8-50 

18-75 

9 

19s:, 

13-51 

99-79       1007 

Siii 

7-05 

7-57         16-S7 

8-06 

17-78 

8-57 

18-89 

9118 

80 

18'5!» 

S9-96       1018 

Z2.i5 

7  10 

15-65 

7-60         16-76 

8-11 

17-88 

8-62 

19 

911 

20-lS 

13-62 

ao        1016 

2J;Pi 

711 

16-67 

7-61         16-78 

8-12 

17-90 

8-68 

19-02 

9*14 

•0-14 

18-67 

sot         10-20 

t250 

716 



7-20 

1575 
16-87 

7-66 

16-87 

817 

18 

8-67 

19-12 

918 

20-25 

18-77 

SOU         10-28 

2iG7 

7-71 

17 

8-JB 

18-13 

8-74 

19-27 

9-25 

20-l/J 

18-88 

SO'6         10-86 

2J!86 

7-26 

16 

7-76     1   17' lU 

8-29 

18-29 

8-81 

19-hS 

9*82 

20-57 

18-97 

SO'8         10-42 

88 

7-30 

1610 

7-82        17-25 

8-34 

18-W 

8-86 

19-56 

9-88 

20-70 

14 

309         10-44 

2S-0U 

7'ai 

16-12 

7-88         17  27 

8-85 

18-ia 

8-87 

19-66 

9-40 

30-71, 

14H)6 

31             10-49 

2313 

7-84 

16-19 

7-86        17-3U 

8-39 

18-50 

8-91 

19-66 

9-44 

20-Sl 

14-07 

Sl'O         10-50 

2515 

7-36 
7-41 

16-21 

7-87        17-36 

8-40 

18-53 

8-92 

19-68 

9-45 

20-SS 

14-20 

SIS         10-56 

23%^ 

16-33 

7 '98        17-50 

8-46 

18-67 

8-99 

1985 

9-52 

« 

14--25 

Sl'U         10-62 

2.i/t2 
23r>3 

7-48 
7-47 

16-39 

7-i>7 

17-58 
17-65 

8-5 

18-73 

903 

1992 

9-56 

210S 

14-8t> 

31-5         10-67 

16-1,7 
16-53 

H-01 

8-54    j  18-83 

9-07 

80 

9-60 

21-18 

14-88 

Sl'l         10-72 

23-05 

;     7-60 

8-04         17-75 

8-57     j  18-89 

912 

20-11 

9^ 

21-tS 

;   14-44 

Sl-8         10-78 

2.V76 

1     7-64 

16-62 

8-08     1    17-81 

8-62 

19 

915 

20-19 

9'70 

2ir 

,    14-61 

88            10-82 

23-87 

7-flS 

16-71 

8-18         17-90 

8-66 

19-10 

9-21 

2029 

9-76 

2VIS 

14-58 

Si'2       1  10-88 

M 

'     7-62 
7-70 

1680 

M-17 

18 

8-71 

19-20 

9-25 

20-W 

9-80 

n-t» 

14-76 

3i-5         11 

2U-25 

16-98 

8-25 
s-26 

18-19 
18-21 

8-80    j  19-U 

9-36 

20-61 

9-lKI 

.  2rsi 

14-77 

3S'5         11-02 

2!,-29 

7-71 

17 

8-81     j  19 /*3 

9-87 

20-61, 

9-J»2 

fi-c« 

14-86 

3t-8      ;  11-08 

2!*-kU 

7-76 

17-11 

K'81         18-33 

8-86 

19-56 

9-42 

20-78 

9-S.7 

88 

14-91 

Si-9         1112 

2i*-r,i 

7-78 

1715 

8-83         18-58 

8-89 

19-62 

9-44 

1  20SS 

10 

2*0' 

14-97 

33            1117 

2U-62 
2U-67 

l-6\ 

17-23 

8-37         18-1,6 

8-93 

19-69 

9-49 

20-92 

,   1004 

2S-K 

16 

SSI      ,  11-19 

7-83 

17-26 

8-39        18-50 

8-95 

19-75 

9-61 

20-89 

1007 

22-2U 

1504 

55-2         11-21 

2U'71 

7J<5 

17-29 

h-40         18-53 

8-96 

19-76 

9-62 

81 

10-06 

22-25 

16-08 

55-5       '  11-25 

2U-80 

7-87 

17-35 

8-44         18-62 

9 

19-8U 

9-67 

'  21-11 

1018 

2tSl 

16-21 

55-5         11-88 

86 

.     7-93 

17-60 

8-60 

18-75 

907 

80 

9-68 

21-25 

1021 

22-50 
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Equivalent  Conbumptions,  wvc,^ continued. 


Output  from  Electric  Generator 

correspoDdtng  to  Engine  Con- 

Bumptlons  (of  Stated  Efflclcndes) 

per  I.H.P.H.  stated  In  the 

Columns  on  the  right  of  this. 

Consumption 

per  Indicated  Horse-Power  Hour. 

i 

Combined  Efficiency  of  Engine  and  Generator. 

Consuinptlon  per 
K.W.H.  Output. 

Consumption  per 
E.H.P.H. 

70  piT  cent. 

76  re 

-wnt. 

1      80  per  cent. 

86  per  cent. 

1 
90  per  cent 

Kg8. 

Pounds. 

ICgs. 
11-48 

PowuU. 

S5fi 

Kgs. 
8 

Poundt. 
17-6U 

Kgs. 

Poundt. 

18-89 

Kgs. 
914 

Pound*. 
2016 

Krs. 

Pound*. 

Kgs. 
10-28 

Pound*} 

15-80 

S37 

8-57 

9-72 

21-U 

29-27     ' 

1 

lA-40 

SS'9 

11-48 

S5SS 

8-04 

17-73 

8-62 

19 

,     9-20 

20-27 

9-76 

2153 

10-84 

92-80 

16-43 

84 

11-50 

Srr35 

805 

17-7U 

8-68 

19-01 

9-21 

20-28 

9-77 

2165 

10-86 

22-82 

l«-44 

SUl 

11-51 

S6'36 

806 

17-75 

8-63 

19-02 

9-25 

20-29 

9-77 

21-56 

10-86 

29-83 

16-64     ,   SUS 

11-68 

S6'5fJ 

8-11 

17-89 

8-6!> 

19-17 

'     9-27 

20-Ui, 

985 

21-72 

10-44 

28          i 

15-63        SA5 

11-66 

25-71 

8-17 

18 

8-75 

19-29 

;     9-83 

20-57 

,     9-98 

21-86 

10-60 

23-lU 

16-78     1   SU-7 

11-74 

25-88 

8-22 

18-12 

8-80 

19-Ul 

9-40 

20-71 

j     9-97       22 

10-66 

93-99 

15-78        3U'8 

11-76 

25-9U 

8-24 

18-17 

8-82 

19-hU 

9-42 

20-76 

10 

22-05 

10-60 

93-36     ' 

15-80       SU-8 

11-78 

» 

8-26 

18-20 

8-84 

19-50 

9-43 

20-80 

10-02 

22-10 

10-61 

93-U> 

16-87        86 

1183 

S6-11 

8-39 

18  28 

8-8«» 

19-58 

...-47 

20-89 

10-06 

22-19 

10-66 

93-50 

15-86       SS'g 

1190 

36-25 

838 

18-37 

898 

19-69 

9-52 

81 

10-11 

22-31 

10-71 

93-62 

16            S5'3 

11-98 

S6-SS 

8-85 

18  Ul 

8-96 

1973 

9« 

21-06 

10-14 

22-37 

10-74 

23-69 

16-20       5.5-7 

12-09 

m67 

8-46 

18-67 

9  07 

90 

9-66 

21-33 

10-27 

22-67 

10-88 

9ft 

16-27        55-9 

12  14 

26-77 

8-50 

18-73 

911 

20  08 

9-72 

21-W 

10-82 

22-78 

10^8 

2U10 

16-88    !   86 

1218 

26  86 

852 

18-80 

9  14 

20-U 

9-75 

21- IS 

10-85 

22-83 

10-96 

21,-12 

16*89       S6-1 

12 -i8 

26-97 

8-56 

18-87 

9-17 

20-20 

9-78 

21-56 

10-89 

22-90 

11 

2U-2S     ' 

16-4y 

S6-S 

12-25 

87 

8-57 

18-90 

9-19 

20-25 

9-79 

21-60 

10-40 

22-95 

11-01 

2U-S0 

16-46 

36'S 

J  2-27 

2706 

8-59 

18-9U 

9-21 

20-29 

9-82 

21-65 

10-42 

28 

11-08 

9U-S6 

16  50 

36U 

12-29 

27  lU 

8  62 

19 

9-24 

20-36 

9-84 

21-71 

10-46 

23-07 

1107 

91,-ta 

1656 

36-6 

12-36 

27-28 

8  65 

19-08 

9-27 

20-h3 

9-87 

21-77 

10-50 

23-15     ; 

1112 

9U-6U 

16-72 

S6'9 

12-47 

27-50 

8-78 

19-25 

9-36 

20-62 

9-97 

82 

10-60 
10-68 

23-37     \ 

11-22 

9k'75 

16-7I5 

S6'9 

12-50 

27-55 

8  75 

19-30 

9-87 

20-65 

10 

22-05 

23-UU     , 

11-28 

9U-81 

16-78     j   87 

12-62 

27-60 

876 

1932 

9-39 

20-70 

10-01 

22-08 

10  64 

23-1,6 

11-26 

9U-8k 

16-89     1   S7i 

12-69 

27-78 

8-82 

19-U 

9-44 

20-83 

10-07 

22-22 

10-70 

23-61     j 

11-88 

25 

16-98     1   S7A 

12-67 

27-9U 

8-86 

19-55 

9-50 

20-9/, 

10-18 

22-32 

10-77 

23-76     ; 

11-40 

95-16 

17 

S7-5 

12-70 

88 

8-88 

19-60 

9-53 

21 

10-16 

22-1,0 

10-78 

23-80     , 

1142 

96-90 

17-14 

S7'7 

12-78 

28-18 

8  94 

1970 

9-68 

21-12 

10-22 

22-56 

10-86     1  23-97 

11-60 

96-36 

17-16    1   S7'8 

12-80 

28-23 

8-96 

19  76 

U-nO 

SI -IS 

10-23 

2259 

10-87 

24 

11-68 

25-1,1 

,  17-24 

88 

12-86     , 

98-35 

9 

19-8U 

9-65 

21-26 

10-28 

2268 

10-J»8 

21,-10 

11-67 

96-61     1 

1   17-36 

ss-s 

12-94     , 

28-56 

906 

19-97 

9-70     1 

21-39 

10-35     i 

22-8U 

11 

2U-25 

11-66 

96-68 

17-87 

S8-S 

12-96 

28-57 

907 

» 

9-72     j 

21-^3 

10-37 

22-80 

11-02 

2U'29     1 

11-68 

25-71 

16-48 

S8'U 

13         i 

28-66 

910 

20-07 

9-76 

21-50 

10-40 

22-93 

11-05     1 

1 

2U-W     1 

11-70 

$6-80 

50 
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STEAM  TURBINE  ENGINEERING 
Equivalent  Consuiiptions,  etc. — eoTiHnued. 


On^at  from  Electr'c  Gtenentor 
corresponding  to  Eniclne  Con- 
sumption:* (of  Stated  Efflclendes) 
pe   I.H.P.H.  stated  in  the 
Columns  on  the  right  of  this. 

Consumption  per  Indicated  Hone-Power  Hour. 

70  per  cent. 

Combined  Effl 
75  per  cent. 

clency  of  Engine  i 
80  per  cent. 

indOenei 

rator. 

Consumption  per 
K  W.H.  Output 

Consumption  per 
E.H.P.H. 

85  per  cent. 

90  per  cent. 

Kgs. 

Pound$. 
S8-6 

Kgs. 
18-04 

Pound*. 

98-75 

Kgs. 

Povndi. 
90-19 

Kgs. 

9-78 

Pounds. 
91-56 

Kg. 

Pomtdt. 

Kgs. 

Pomdt. 

9U'U 

Kgs. 
11-78 

Pomds 

17-47 

913 

10-42 

28 

11-08 

25-87 

17-57 

S8-7 

13-10 

i8'89 

9-16 

90-99 

9-84 

91-67 

10-47 

9311 

1113 

9A'66 

11-78 

1  » 
- 

17-60 

S88 

13-18 

29 

9  19 

9098 

9-85 

91-71 

10-50 

9315 

11-16 

9U'69 

11*82 

j  S6-0S 

17-64 

S8'9 

13-15 

99-00 

921 

9030 

9-86 

91-75 

93-90 

11-17 

91,-65 

11-88 

96-10 

17-68 

m 

13-18 

9909 

9-24 

9037 

9-91 

91-89 

10-55 

93-97 

11-20 

9k'73 

11-87 

^-IH 

17-88 

S9-3 

18-29 

99S3 

9-31 

90-63 

9-98 

22 

10-64 

93'U7 

irso 

9k'93 

11*96 

S6-i0 

17-88 

S9'U 

13-80 

99-Ul 

9-34 

90-59 

9-99 

99-06 

10-66 

93-53 

11-38 

26 

12 

96-iS 

• 

16 

S9'7 

13-48 

99-69 

9-40 

90-79 

10*07 

99-93 

10-74 

93-70 

11-42 

95-90 

12-09 

1  S6-70 

ldl4 

40 

18-54 

99-8U 

9-48 

9088 

10-14 

99-38 

10-83 

93-87 

11-49 

95-36 

1217 

:  x-86 

u*-«o 

w-s 

I3-5« 

99-91 

9-50 

90-95 

1017 

99-1^ 

10-85 

93-91 

11-53 

95-JiS 

12-20 

1  96-fH 

18-21 

Wi 

18-60 

80 

9-52 

Zk 

10-20 

99-50 

10-88 

2ft 

11-56 

95-50 

12*24 

.« 

18-46 

w? 

13-76 

xu 

963 

91-96 

10-32 

99-76 

11 

9U-95 

11*69 

95-80 

12-88 

1  t7-S9 

18-59 

41 

13-87 

80-6 

9-71 

91-Ul 

10-40 

99  9U 

11-10 

9k'k7 

11-79 
11-80 

95'99 

12-47 

1  97-53 

18-60 

UIO 

13-88 

90-6 

972 

91-Ul 

10-41 

99-9U 

11-11 

9hU 

26 

12-47 

97-53 

18-65 

kll 

13-91 

SO-7 

9-74 

91  U7 

10-43 

26 

1112 

9k'53 

11-82 

96-07 

12-50 

97-60 

18  77 

kVh 

14 

309 

9-80 

91-60 

10-60 

93-15 

11-20 

9h'71 

11-90 

96-96 

12-60 

97-80 

18-83 

Ul'S 

14-06 

61 

9-84 

91-70 

10-54 

9395 

11-24 

9k'90 

11-94 

96-35 

12-65 

97-90 

18-90 

Ul'7 

1410 

Sl-1 

9-87 

9178 

10-57 

93-33 

11-29 

9U-89 

11-98 

96-hU 

12-70 

28 

18-95 

Ul'8 

14-14 

31-9 

9-90 

91-85 

l«>-60 

9S'U> 

11-80 
1183 

9U-93 

12 

96-U5 

12*72 

98-OU 

19 

Ul'9 

1417 

31-3 

9-93 

91-87 

10-64 

93M 

26 

12-03 

96-56 

12-76 

9819 

1904 

42 

14-20 

313 

9-95 

91-93 

10-63 

93-U9 

11-37 

95-07 

12-08 

96-63 

12*78 

98-20 

19-11 

AXl 

14-26 

3Vh 

9-98 

22 

10-68 

93-57 

11-40 

95'U 

12-10 

96-71 

12*88 

98-29 

1917 

las 

14-30 

316 

10 

9905 

10-72 

9367 

11-44 

95-93 

12-15 

96-80 

12*87 

98-UO 

19-82 

la-e 

14  40 

31-8 

10-07 

99-93 

10-81 

93-89 

11-52 

95-Ul 

12-23 

27 

12-96 

98-59 

19-87 

Ui'l 

14-45 

31-9 

10-11 

99-31 

10-83 

93-89 

11-55 

95-58 

12*27 

9710 

18 

9866 

19-48 

iS9 

14-50 

82 

10-15 

99U0 

10-89 

9ft 

IVCO 

95-60 

12-33 

97-90 

1306 

98-80 

19-51 

48 

14-64 

391 

10-18 

99h5 

10-92 

9U-06 

11-64 

95-66 

12-36 

97-97 
97-39 

1810 

98-87 

19-60 

>65« 

14  60 

X-9 

10-2.J 

99  55 

10-95 

9U-17 

11-68 

95-78 

12-41 

18-15 

28 

19-66 

USS 

14-67 

S9'U 

10-26 

99-69 

11 

9U-95 

11-73 

95-89 
26 

12-47 

97-50 

18*20 

99-11 

19-77 

t»S'6 

14-73 

39  5 

10-88 

99-75 

11-04 

9U'S7 

11-78 

12-58 

97-69 

13-26 

99-95 

19  95 

44 

14-89 

39-8 

10*41 

99-98 

11-16 

9U'69 
~U-6U~ 

11-90 

96-96 

12-65 

9790 

18-89 

99-5A 

19-97 
SO 

UU'l 

14-90 

XB-9 

10-43 

28 

11-17 

11-91 

96-99 

12*66 

97  93 

13*41 

29-57 

uui 

1492 

39-9 

10-45 

93-OU 

11-19 

9U-68 

11-92 

9639 

12*68 

97-98 

13-43 

99-69      1 
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Oatpnt  from  Electric  Generstor 
corresponding  to  Eneine  Con- 

snmptlons  (of  Staled  Efficiencies) 

per  I.H.P.H.  stated  in  the 

Columns  on  the  right  of  this. 

70  per 

— 

Consu 
Coml 

mption  pi 

ar  Indicated  Horse 
^lency  of  Engine  a 

-Power  E 

[our. 

90pei 

1 

Ined  Effl< 

jid  Generator. 

Consumption  per 
li.W.H.  Output. 

Consumption  per 
E.H.P.H. 

cent. 

76  pel 

Kg>. 
11-20 

cent. 

Pounds. 

9U71 

80  pel 

cent. 

86  per  cent. 
Kgs.      Pounds. 

•  cent. 

Kgs.    1 
2003 

Pounds. 

Kgs.    \powuU. 

10-46 

Pounds. 

93-06 

Kgs. 
1198 

Pounds. 

9635 

Kgs. 

1 
Pounds. 

kU't 

14-W 

88 

12-70    ,  88 

18-U 

99-65 

2007     1 
-2010 

hU't 

14-97 

«- 

10-47     ' 

9310 

11-22 

9k-75 

11-97 

96-UO 

12-72    1  28-05 

18-46 

29-70 

hU'S 

16          1  *M 

10-50 

93-15 

11-24 

9h'90 

IS 

96-U5 

12-75    1  98-19 
12-85       98-33 

13-50 

29-80 

20'2o     1  a-7 

16-11 

3S'S 

1  -57     1 

9333 

11-88 

86 

120S 

96-67 
9686 

1861 

80 

•i040       46 

15-22 

SS'6 

10-65     ' 

93-50 

11-41 

95-18 
95-31 

12-18 
12-24 

12-94 

98-59 

18-70 

30-9 

20-52        l^'i'i         15-81 

33-7 

10-71 

93-69 

11-47 

87 

12-98 

98-61, 

18-77 

90-h 

20-60        l^'U         15*35 

SS'9 

10-74 

9370 

11-iO 

95-36 

12-27 
12-88 

9707 

18-08       98  66 

18-80 

805 

20-67        kS'B 

16-42 

84 

10-78 
10*83 

23-80 

1156 

95-50 

97-20 
97-99 

18-10       98-90 

13-87 

30  ff 

20-72        A5-7 

15-46 
15-55 

SUl 

93-88 

11-60 

95-59 

18-15 

88 

13-92 

90-7 

20-82     ;   1^-9 

54-5 

10-87 

9398 

11-65 

9571 

12-42 

97-1,3 

18-21 

t9-lU 

13-99 

90-9 

20-85 

46 

15-66 

3U'3 

10-88 

M 

11-66 

95-79 

12-48 

97-i3 

18-22 

2915 

14 

30-9 

2  -86 

»i 

15-67 

3U3 

10-88 

9U-09 

11-67 

967k 

12-44 

97-1,6 

18-28 

2917 

14-01 

909 

•20-34 

Afi-f 

15-60 

suu 

10-98 

24-11 

11-70 

95-83 

12-60 

97-56 

18-38 

99-98 

14-06 

81 

n 

tS'S 

15-65 

su-s 

11 

9U-S3 

11-78 

95-89 

12-61 

97-59 

18-80 

99-33 

14-08 

31-1 

2103 

IS'5      >  15-72 

3U-7 

1101 

9U-97 

11-78 

M 

12-67 

97-73 

18-87 

99-1,7 

14-14 

31-9 

21-28 

IS'9 

15-87 

86 

1111 

9U-60 

11-88 

96-95 

lJ-70 

88 

l8-,9 

29-75 

14-37 

31-5 

21-82 

47 

I5-M 

55-1 

11 -1» 

9k-5k 

11 -U2 

2630 

12-72 

28-05 

18-51 

99-80 

14-80 

31-6 

21-88 

j  le 

35-3 

11-20 

91,-69 

U 

96-1,0 

12-80 

98-99 

18-59 

99-97 

14-89 

317 

,    21-45 

k7'i         16-07     '  S5'9 

11-21 

9k-71 

121 

96-1,7 

12-81 

98-9U 

18-60 

80 

14-4' 

918 

21-62 

Ull         1612     1  55-C 

11-38 

9U-89 

12-10 

96-67 

12-90 

28-U, 

13-70 

80-9 

14-51 

88 

21-72 

/♦7-9      ,  16-20 

S5'7 
35^ 

11-84 

U 

1218 

26-79 

12-95 

98-57 

18-78 

30-U 

14-67 

St-1 

1 

i    21-77 

46 

16-24 

1185 

95-07 

12-17 

1  96-86 

12-98 

28-65 

18-80 

90-h 

14-61 

'55-5 

-il-80 

16-26 

35-9 

11-88 

95-lU 

12-20 

96-99 

18 

28-66 

18-82 

90S 

14-64 

,  39-3 

21-88 

1683 

86 

11-42 

95-90 

12-24 

27 

1306 

98-80 

13-87     !  90-6 

14-69 

!«•* 

SS 

IS'5 

16-40 

S6'S 

11-47 

95-90 

12-29 

97-11 

18-12 

98-93 

18-94       30-8 

14-75 

1  99  6 

1    2204 

fS'6 

16-44 

369 

11-61 

95-37 

12-82 

97-19 

1816 

88 

18-97 

90-8 

14-80 

,  996 

1 

'    -22-08 

i8  7      1  16-48 

36-3 

11-58 

95-UO 

12-86 

97-98 

1818 

99-10 

14 

30-9 

14-88 

l«T 

1   2220 

i^'9      I  16-55 

36-5 

11-57 

95-53 

12-40 

97-35 

18-21 

99-18 

14-05    1  81 

14-88 

a»-8 

22-24 

48            16-58        S6'6 

11-60 

95-59 

12-48 

,  97-Ul 

1326 

99-91, 

14-09     i  311 

14-92 

\99-9 

las 

22-30 

i 

l^'l      ,  1664 

36-7 

11-64 

25-67 

12-46 

1  97  50 

,   13-30 

99-33 

14-13       31-9 

14-97 

22-33 
22-50 

Afl-5      '  16-67     ;   X-8 

11-66 

95-79 

12-50 

97-55 

18-88 

99-W 

14-15       319 

16 

55-1 

use         16  78 

87 

11-76 

95-90 

.  1258 

97-75 

1 

18-42 

99-60 

14-27       31-1, 

15-11 

55-5 

;    22-68 

la-S      1  16-84 

57-2 

11-80 

ae 

1  1264 

1  97-86 

18-47 

99-71 

14-81     ,  31  6 

16-16 

88-U 
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Table  CLI.— Vacua. 


Equivalent  Values  baaed  on  the  Metric  Atmosphere,  t.«.,  1  Kg.  per 
Sq.  Cm.  =  1  Metric  Atmosphere. 


Per  cent,  of 
perfect 
Vacuum. 

Reading  of  Mercury  Vacuum 
'                     Gauge. 

Mm.                 Inches. 

Abaolute  Pressure  in  Condenner. 

Kgs.  perSq.    '    Lbs.  per  Sq.           EniTUsh 
Cm.          ^         Inch.            Atmosphere. 

100 

735 

29-0 

0-0 

0-0 

1 

0-0 

99-5 

1         732 

28-8 

0-005 

0-071 

0-0048 

99 

i         728 

1         28-7 

001 

0-142 

0-0097 

98-5 

724 

i         28-5 

0-015 

0  213 

0*0145 

98 

721 

1         28-4 

0-02 

0-284 

0-0194 

97-5 

!        717 

,         28-2 

0-025 

0-356 

00242 

97 

713 

1         28-1 

0-03 

0-427 

0-0290 

96-5 

710 

1         27-9 

0-035 

0-498 

0-0339 

96 

706 

i         27-8 

0-04 

0-569 

0-0387 

95-5 

702 

27-6 

0-045 

0-640 

1        0-0435 

95 

699 

27-5 

0-05 

0-711 

0-0484 

94 

691 

'         27-2 

0-06 

0-863 

0-0581 

93 

684 

26-9 

0-07 

0-996 

,        00677 

92 

677 

26-6 

0-08 

1-138 

1       0-0774 

91 

669 

26-3 

0-09 

1-280 

0-0871 

90      , 

662 

26-1 

010 

1-422 

1        0-0968 

1 

88 

647 

25-5 

0-12 

1-707 

0-1161 

86 

632 

24-9 

0-14 

1-991 

01355 

84 

618 

24-3 

0-16 

2-28 

01648     , 

82 

603 

23-7 

0-18 

2-56 

01742 

80 

588 

23-2 

0-20 

2-84 

01936     ; 

75          , 

552 

21-7 

0-25     : 

3-65 

0-242       ' 

70         I 

615 

20-3 

0-3 

4-27 

0-290       , 

65         ' 

478 

18-8 

0-35 

4-98 

0-339 

60 

441 

17-4 

0-4 

5-69 

0-387 

55 

404 

15-9 

0-45 

6-40 

0-435 

50 

368 

14-5 

0-5 

7-11 

0-484       1 
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Table  CLIL— Vacua. 

Equivalent  Values  based  on  the  English  Atmosphere,  t.e.,  30  inches  or  760  mm. 
of  Mercury  =  1  English  Atmosphere. 


Per  cent  of 

perfect 

Vacaum. 

Reading  of  Mercury  Vacnum 
Gauge. 

Abeolute  Pressure  in  Condenser. 

Mm. 

Inches. 

English        1    Kg8.perSq. 
Atmosphere.   |          Cm. 

Lbs.  per  8q. 
Inch. 

100 

760 

30 

0             !       0 

0 

99-5 

756 

29-8 

O-WX,              0-0052 

1 

0-0735 

99 

752 

29-7 

001                0-0103 

0-147 

98-5 

749 

29-5 

0-015               00156 

0-220 

98 

744 

29-4 

0-02                0-0207 

0-294 

97-5 

741 

29-2 

0-026               0-0258 

0-368 

97 

737 

29-1 

003 

0-0310 

0-441 

96-5 

733 

28-9 

0-035 

0-0362 

0-514 

96 

730 

28-8 

0-04 

0-0413 

0-588 

95-5 

726 

28-6 

0045 

0-0465 

0-661 

95 

722 

28-5 

0-05 

0-0517 

0-735 

94 

714 

28-2 

0-06         j        0-0620 

0-882 

93 

707 

27-9 

0-07                0-0723 

1029 

92 

699 

27-6 

0-08         i        00827 

1176 

91 

692 

27-3 

009         1        00930 

1-323       1 

90 

684 

270 

0-10         ;        0-1033 

1-470 

88 

669 

26-4 

0-12 

0-1240 

1-763 

86 

651 

25-8 

0-14 

0-1447 

206 

84 

638 

25-2 

0-16 

01663 

2-35 

82 

623 

24-6 

0-18                0-1860 

2-65 

80 

608 
570 

24-0 
22o 

0-20 

0-207 

2-94         ' 

75 

0-25 

0-258 

3-67 

70 

532 

21-0 

0-30 

0-310 

4-41 

65 

494 

19-5 

0-35 

0-362 

5-14 

60 

466 

18-0 

0-40 

0-413 

5-88 

55 

418 

16-5 

0-45 

0-465 

6-61 

60 

380 

150 

0-60 

0-517 

7-35 

760  mm.  ==  29 

■9  inchea. 

80  Inches  =  7«5 

I  milllmelres. 

INDEX 


Note :  In  the  Index  all  figures  refer  to  pages ;  none  to  the  numbers  of 
tables,  figures,  or  illustrations. 


Adiabatic  Expansion  of  Saturated  Steam 
in    relation    to     Energy, 
855-7 
Admission  Pressure,  see  Pressure 
Air  Pumps,  He  Pumps 
Albion^  Turbine  Yacht,  details  of,  tahlest 

681,  669  et  seq, 
Allegemeine     Elektricitats     Gesellschaft, 
Berlin,   {see  A.E.G.   Tur- 
bines),  makers   of  Curtis 
Turbines,  212,  290,  do.  of 
Riedler-Stumpf  Turbines, 
286,  290 
Condensers  made  by,  for  Steam  Turbine 
Installations,     291,     806, 
figs.y  285,  286 
A. KG.  Tui bines, 
Early  Types  of,  290 
Latest  Types  of,  ib. 
Dynamo  used  with,  position  of,  290 
Foundations  of,  lightness  of,  291 
General  Construction,  290  et  seq.  ills,, 
292,  298,  294,  805 
Beariogs,  290,  291,  292 
Casing,  291 

Condenser,  291,  306,  Jigs,,  285,  286 
Governor,  296 
Lubrication  in,  292 
Nozzles,  291,  S06,Jig,f  306 

Diverging  0^.,  291 
Pressure  Stages,  291 
Regulator,  294-6 
Shaft,  292 
Valves  in — 
between  Turbine  and  Condenser, 

291 
Safety  do.,  in  Casing,  291 
in  Safety  Governor,  296 
Vanes,  291 
Wheels,  291 
Peripheral  Speed,  291 
Steam 
admission  to,  291 

consumption  in,  301,  804,  806,  Jig., 
301,  tables,  302-8 
Superheat  in  relation  to,  804  df 
table 
passage  through  and  expansion  in, 
291,  292,  804 
Stresses,  how  dealt  with,  291 
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A.  E.G.  Turbo-generator  sets 
Brushes,  metal  and  carbon,  used  in,  298 
Continuous-current,  50-750  E.  W. 

Speeds  of,  298  d:  table 
100  K.W.  set,  296,  ills.,  294,  297 
Polyphase,  for  working  parallel,  297 
Regulation  of,  298 
100-6000  K.W. 
Speeds  of,  297,  tables,  298 
1000  K.W.  set,   296,   ill.,  299,    Tests 
of,   tables,   295,   296,  do., 
of  the  same,  and  a  150 
K.W.  set,  table,  296 
Small  sets,  10  and  20  K.W.,  292,  figs., 

292,  293,  table,  293 
Three-phase  470  K.W.   set,   850  volt, 
etc.,  details  of,  and  tests 
on,  300,/^.,  801,  do.,  no- 
load,  table,  300 
2-20  E.  W.  set,  with  Carbon  Brushes,  298 
Speeds  of,  table,  298 
Allan   Line,    Turbine   and   Reciprocating 
Engine  Steamers  of,  table, 
710  el  seq. 
American    Turbine    Vessels,    Mercantile, 
Yachting,      and      Naval, 
table,  728  et  seq. 
American- built  Turbines,  see  Curtis,  and 

Hamilton-Holzwarth 
Amethyst,   H.M.S.   Turbine  Cruiser,  HI., 
644,  details  of,  tables,  630, 
comparison  of  with  Recip- 
rocating Engine  Cruisers, 
tables,  648  et  seq. 
Condensers  in,  table,  487 
Radius  of  Action  of,  compared  with  that 
of  H.M.S.    Topaze,  table, 
658 
Slip  of  Propellers  of,  at  different  Speeds, 

table,  658 
Steam  and  Coal  Consumption  of,  com- 
pared with  that  of  H.M.S. 
Topaze    etc.    Jigs.,     656, 
tables,  656  et  seq. 
Steam  Trials  of,  with  Parsons  Turbines, 
tables,  652 
Antrim,   Reciprocating   Engine  Steamer, 
details  of,  t(Wle,  692,  et  seq. 
Engine  Room,  Jig.,  700 
Plans  and  Sections,  Jig.,  698 
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Appendix,  779 

Areas    and     Volumes,     Equivalents     of, 

(English  and  Metric),  table ^ 

21 
Arg<maut,  H.M.S.  Turbine  Cruiser, 

Steam  Consumption  of,  635,^^.,  634 
Aruiidelf  Reciprocating  Engine  Steamer, 

details  of,  Mle^  685  et  seq. 
Atmosphere,  see  Metric  do. 
Atmospheric  Exhaust,  8ee  Exhaust 
Augmenter  Condenser  in  Turbine  Steamers, 

710 
Auxiliaries,  (Rateau),  power  consumed  by, 

240 


Balance  Pistons,  (Parsons),  uses  of,  120 
Barometric   Jet    Condensers,    used    with 
Turbines     and     Engines, 
table,  430-1 
Bavarian^  Reciprocating  Engine  Steamer, 
details  of,  table,  710  e^  seq, 
Bearing(s),  see  Thrust  Bearing 
A.EG.,  290,  291,292 
Curtis, 
Footstep,  201 

Oil  Supply  to,  201,  table,  202 
Others,  204,  Je  see  table,  202 
Glands,  205 

Oil  circulated  through,  205 
de  Laval,  9b,  fig.,  96 
Hamilton -Holzwarth,  816-7 
Parsons, 
Flexible,  181 
Thrust,  132  <fe/^. 
Rateau,  235  d:  iwte,  fi^s,,  232,  233 
Zoelly,  268,  ill,,  268 
Thrust,  ib. 
Peripheral  Speeds  Pressure  at,  14,  table, 
16 
Bearing  Pressure,  (Parsons),  132 
Bed  plate,  Hamilton-Holzwarth  Turbine, 
separate  for  each    Casing 
and  for  the  Dynamo,  311, 
Casings  not  bolted  down 
to,  316 
Belgian  State  Railways,  Turbine  Steamers 

of,  table,  734 
Bethune  Mines,  Rateau  Heat  Accumulator 

at,  260, /gr.,  251 
Bibbins,  J.  R.,  see  Westinghouse  Turbines, 

Cost  of  High  Vacuum 
Bibliography,  749 
Bin^era,    Turbine    Steamer,    details    of, 

tables,  63,  685  iwU  (^) 
Blades,  or  Buckets,  see  also  Buckets  and 
Vanes 
de  Laval,  S7,  fig.,  88 
Fullagar*8  method    for    fixing,    127-8, 
151,   figs,,    127,    128-80, 
ill.,  139,  claims  made  for, 
129 
Board  of  Trade  Unit,   (b.t.u.),   defined, 
17  <fc  note 


Boiler(8),  see  Steam  Turbine  Plants,  (48) 
large,  well-designed,  efficiency  of  com- 
plete Steam-raising  Plant 
with,  363,  measTU^  by 
test,  and  by  all-year 
running,  366,  table,  368-9, 
kilograms  of  steam  «)t  in, 
per  kilogram  of  Coal,  363, 
864  <£;  table 
testing  of,  basis  of  figures  for  finding 
Steam  produced,  in  ratios 
to  coal  consumed,  864 

Boiler- Feed,  see  Steam  Turbine  Plants, 
(46) 

Boiler-Flues  do.  do.  (41) 

Boiler-grate  area,  in  some  of  the  Plants 
referred  to  table,  452-3 

Boiler-heating  surface,  do.  do.  ib. 

Boiler-houses,  see  Buildings 

Boiler  and  Superheater  Surface  Installed, 
452,  table,  452-3 

Boston,  L.  Street,  see  Steam  Turbine 
Plant 

Brake  for  Curtis  Turbo-Generator,  212 

Branca's  Turbine,  25 

Brighton,  Turbine  Steamer,  detail  of,  table, 
685  et  seq.,  ill.,  694 

Brimsdown,  see  Steam  Turbine  Plant 

British  India  Steam  Navigation  Co.'s 
Turbine  Steamers,  table, 
685  et  seq, 

British  Thermal  Unit,  (B.Th.U.),  defined, 
11  JenoU 

British  Thomson  Houston  Co.,  Rugby, 
makers  of  the  Curtis 
Turbine,  212,  218 

British  Naval  Vessels,  Turbine  Driven, 
Battleships,  Cruisers,  Tor- 
pedo boats,  Destroyers, 
etc.,  table,  630-1 

British-made  Turbines,  see  Curtis,  de  Laval, 
and  Parsons 

Brown,     Boveri     &     Co.,     Switzerland, 
builders  of   Parsons  Tur- 
bines, 119 
Marine  lighting-plants,  189,^.,  190 
Cost  of,   as  compared  with   that  of 
equivalent  Piston -engines, 
190 
Turbo-dynamo,  135,  ill.,  136 

do. ,  at  Essen,  (their  largest),  135 
Turbo-generatin>{  set,  3    phase,   4-pole 
at  Frankfort,  described  186, 
ills.,  187,  138,  <fe  ««  taJl}U 
facing  166,  fig.,  173 
Steam  Consumption  in,  variation  in, 
with  Change  of  Pressure,  161,  fig., 

160 
with      Constant      Pressure      and 
Vacuum,^.,  173 

Bruay    Mines,   Rateau    Accumulator    at, 
247,J?flr.,  249,  253 
Rateau    Supplementary   High    Pressure 
Turbine  at,  252 
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Brush  Co.,  builders  of  Parsons  Turbines, 

119  noU,  fig.  facing  122 
Brush- Parsons    Turbo-generator,    earliest 
and  latest  designs,  146,/^^. 
/ociw^  148,  new   features 
in  the  latter,  161-3 
Brushes,  Carbon  and  Metal,  used  in  A.E.G. 

Turbo-generators,  298 
Buckets,  uee  also  Blades,  and  Vanes, 
de  Laval,  S7,  fig.,  88 

Wear  in.  Losses  due  to,  78 
Riedler-Stumpf, 

Double,  276,^flr«.,  274,  275,  278 
Number  of,  276 

Overlap  of,  reason  for,  279,  fig,,  274 
Single,  278,/^.,  275 
Buildings,  see  Steam  Turbine  Plants,  (9), 
Engine-rooms,       Boiler-Houses,       and 
Power-Houses,     for    Tur- 
bines, Mixed,  and  Recipro- 
cating Engine  Plants, 
Area  and   Volumes  of,    445,    tables, 
446-51,  i/fo.  468-74,  plans, 
444,  470-90 


Calorific  Values  of  Fuels,  862  ei  acq. 
tables,  362,  384-9 

Campania  and  Lucania.,  Reciprocating 
Engine  Steamers,  details 
of,  table,  716  et  seq. 

Oarmania  and  other  Turbine  Steamers, 
(Cunard  Co.)}  details  of, 
table,  71Q  et  seq.,  ill.,  720; 
Engine  room,  cross  section, 
fig. ,  726 ;  low  pressure 
and  Astern  rotor,  ill., 
721  ;  propellers,  ill.,  723  ; 
Turbine  room,  ill.,  7 2d, 
plan,  etc.,^s.,  724 

Caroline,  Reciprocating  Engine  and  Steam 
Turbine  Yacht  (liateau 
Turbine),  686,  details  of, 
tables,  631,  673  et  seq.  ; 
figs.,  678,  679;  tests  of, 
tables,  680,  QSl,  fig.,  680 
Additional  Propellers  on  Turbine  Shaft 
of,  681,  results  with,  682, 
summary  of,  683,  tables, 
682,  683 

Cartxiiia,  Reciprocating  Engine  Steamer, 
(Cunard  Co.),  details  of, 
table,  716  et  seq..  Engine 
room,  cross-section,  fig.^ 
726,  do.,  elevation  and 
plan,  figs.,  725 
Results  of  Trials,  table,  728 

Carville,  see  Steam  Turbine  Plant 

Casing(s),  (A.E.G.),  291,  (Elektra),  320 
High  and  low  pressure,  (Hamilton  Holz- 
warth),  311  ^ienoU,  314 
not  fixed  to  Bed  plate,  316 

Cavitation,  Parsons*  experiments  in  over- 
coming, 644-6,^^5.,  647 


Central  London  Railwa}',  foundations  for 
Turbines  and  other  En- 
ffines  of,  441,  tahle,  443 
Chelsea  Power  House,  London,  Westing- 
house  -  Parsons  Turbo- 
generating  sets  at,  135  A 
note,  et  seq.  ills.,  140-4, 
540-1,  see  also  Lots  Road 
under  Steam  Turbine  Plant 
Chester,  Turbine  Scout,  U.S.N.,  details  of, 

table,  728  et  seq. 
Chimneys,  see  Steam  Turbine  Plants,  (42) 
Circulating  Pumps,  see  Pumps 
Clearances  in  Turbines 

Brown- Boveri  Parsons,  largeness  of,  in 
relation  to  Economy,  120, 
129 
Curtis,  minimum,  between  iixed  and 
moving  parts,  latest  de- 
signs, table  211 
Elektra,  322 

Parsons,  and  Willans- Parsons,  smallness 
of,    the    chief    factor    of 
efficiency  j  151 
Rateau,  238 

Riedler-Stumpf,  large,  278 
Coal 

Calorific  value  of 
as  expressed  by  the  authors,  363 
of  varieties  of,  in  various  units,  table, 
862,  tk  see  tables,  342,  345 
Consumption,  see  Boilers, 

Ainethyst,    compared    with    that    of 
Topaze    etc,,    figs.,     655, 
tables  656  et  seq. 
Reciprocating    Engine   Cruisers,    Re- 
cord, table,  748 
Turbinia  (1st),  (approximate),  table, 
643 
Delivery  of,  and  Storage,  etc.,  see  Steam 

Turbine  Plants  (29-40) 
Economy  in  Turbines  and  Piston  En- 
gines, 404 
Price  of,  of  average  value  of  8*7  K.W. 
hours  per  Kg.,  364,  table, 
365 
Cobra,  Turbine  Torpedo- Boat  Destroyer, 
details    of,     tables,     630, 
659-60 
Condenser  in,  table,  437 
Collars    on    Rotating    Drum,     (Willans- 
Parsons),     as     factors    of 
efficiency,  151 
Commercial    Efficiency  of   Turbines  and 
Piston  Engines  compared, 
^OA  et  seq.,  figs.  406-11 
the  same,   under  Extreme  Conditions, 

^«.,  416-7 
the  same,  under  increased  Admission 
Pressure  and  varying 
Superheat  and  Vacuum, 
405-11 
Commutator,  Curtis  Turbo-Generator,  fig. , 
210 
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Compagnie   Fran^aise  Thomson-Houston, 
Paris,    makers    of  Curtis 
Turbines,  212 
Comparison  of  Cost  of  Different  Types  of 

Engines,  tahle^  9 
Compensator,  (Rateau),  284,    fig.  facing 

232 
Compressors  coupled  to  Rateau  Turbines, 

288 
Condensers,   see    Steam    Turbine    Plants, 
(67) 
Barometric  Jet,  used  with  Turbines  and 
Piston      Engines,      tabU^ 
430-1  ik  see  254 
E;jector,  tahle,  182-8 
Extra  cost  of  High   Vacuum  in,  429, 

485,  table,  484 
Jet,   used    with    Turbines   and    Piston 

Engines,  table,  432-3 
in  Marine  Turbine  Vessels,  632,  toiZe,  487 
in  Ausmenter  io.,  710 
Probable  improvements  in,  404 
of  Rated  Capacity,  Cooling  Towers  with, 

table,  486 
Surface, 

Mirrlees- Watson,  at  Partick,  487,  fig. , 

486 
range    of    Experiments    on,    (Allen's 
paper),  488  d:  tables,  figs,, 
489,  440 
used  with  Piston  Engines,  tdbU,  482-3 
used  with  Turbines,  table,  430-1 
used  with  Plants  referred  to,  in  tables  at 
pp.    424-7,   figs.,    470-2, 
476,    476-7,    480,    482-6, 
488-90 
in  various  makes  of  Turbine  k  Turbo- 
generators 
A.E.G.,  291,  S06,fig8.,  286,  286 
Curtis,  206,  figs. ,  204,  207,  224.     ill. , 

207 
de  Laval,  80,  82 
Hamilton-Holzwarth,  814 
Parsons,  ills,,  147 
Rateau,  227,  figs,  facing,  262,  257 

Barometric  Jet,  264 
Kiedler-Stumpf,^.,  286,  286 
Union,  831 
Condensing  Plants,  see  also  Turbo-Genera- 
tors and 
Cost  of,  9-10  tk  tables,  see  also  fig.,  12 
and    Non-Condensing    do..    Costs    of, 
(Allen      on),     10-11      tk 
tables 
Consumption,  see  Coal,  and  Steam 
Contihuoua-current  A.E.G.  Turbo-genera- 
tors, 60-760  K.W.,  Speeds 
of,  298  ds  table 
Convertible  Energy,  see  Energy 
Cooling  Towers,  see  Steam  Turbine  Plants, 
(70A) 
with  Condenser  of  Rated  Capacity,  table 
486 
Cork,  see  Rugby  and  Cork 


■  Cost  of 

Brown- Boveri-Panons   Turbine  Marine 

I  Lighting  Plant,   189,  fig. 

I  190,    as    comnared    with 

that  of  equivalent   Piston 

1  Engine,  190 

Different  Types  of  Engines,  Comparison 

of,  table  9 
extra,  of  High  Vacuum,  429,  436,  table, 
I  484 

I       first,  of  Steam  Turbines,  2,  8,  A  tables 
in  relation   to  Steam  Turbines,   2-11, 
tabUs,  8-11 
Costa  and   Prices,  decimally  expressed  in 

this  work,  23 
Coupling,  flexible,  between  Shaft-sections, 
(Hamilton-Holzwarth), 
I  316 

Cranes,   Overhead  Travelling,   see  Steam 
!  Turbine  Pbints,  (73) 

Wharf,  see,  as  above,  (31) 
Cruisers,  Turbine  Driven 

British,  see  Amethyst  and  ArgtmatU 
'       German,  details  of,  table,  724  et  seq. 
U.S.  Navy, 
Armoured   do,,  details   of,  table,  728 
etseq. 
I  CunardS.S.  Co. 
I      Commission  of,  objects  and  personnel  of, 

688 
I      Turbine  and  Piston  Steamers  of,  table, 
716  et  seq,  ai,,  727 
Curtis  Turbines,  191  «^  seq. 
comparison  of  vertical  do.,  with  Union 

Turbine,  331 
Firms  manufacturing,  212,  290 
Four  Stage,  Revolving  Part  of,  fig.,  223 
General  Description,  191  •   . 

Bearings 
Footstep,  201-4,  figs,  202,  203 
Oil  Supply  to,  201,  UU>le,  202 
I  Accumulator  for,  205 

j  Packinff  for,  208  dffig. 

I  Water  Lubrication  in,  204  ibfig. 

I  Other  kinds,  204  A  see  table,  202 

I  Glands,  206 

Oil  circulated  trough,  205 
Clearances 

Minimum     between    fixed    and 
moving  parts,    latest  de- 
signs, t€U>les,  211 
Condensers,  206,  figs.  204,  207,  224, 
I  ai„  207 

i  Diaphragms  between  Stages,  194,/^., 

I  196 

I  Governors    for    Synchronising,    194, 

199,  HU.,  198.  197-9 
Valves  in.  197-9,  figs.,  198,  200. 
,  ill,,  201 

I  Emergency  do.,  201,  ills.,  196,  201 

I  Nozzles,  expanding,  in,   191-4,   196, 

fiqs.,  194, 196 
I  as  arran^  for  Marine  Work,  196 

number  of,  199 
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Curtis     Turbines,     General     Description 
{eontinved) — 
Stages  or  Pressure  Steps,   192,  Jig,, 
198 
Diaphragms  between,  194,  fig,,  195 
Pressure  Regulation  in,  208 
Steam 

admission  and  progress  in,  191-2 
economy  in,  192-4 
Passages,  areas  of,  207 
Vanes  or  Buckets,  192  tkfig. 
as  arranged  for  Marine  Work,  195 
Peripheral  Speed  of,  208 
Vertical  Shaft,  201 
Low-pressure,  described,  228,  taMe,  224 
Steam  Consumption  in,  213 

with   Change  in  Initial   Pressure, 

/flr.,  218 
with  Constant  Vacuum,  fig,,  216, 
do.,  with  Vaiying  Loads, 
U,  217 
with  Superheat,  fig,,  214 
with  Varying  Vacuum,^.,  215 
Tests  of  600  K.  W.  Set,  214-7,  tabU, 
218-9,  ill.,  225,  figs.,  2U, 
215,  216 
600  K.W.,  2lS,fig8.  218  et  9eq, 
2000  K.W.  Set,  220,  221,  fig.,  221, 
tabU,  ib. 
Valves  for  Pressure  Regulation  in  Stnges, 
208-10 
Curtis  Turbines  of  the  Bevclutimi,  com- 
pared with  Piston  Engines, 
788 
Curtis  Turbo- Alternating  sets 
Fulham 
750K.W.,213,  iVZ.,  568 
^  Harrogate 

*■      760  K.W.  Sinrfe-phase,  with  Allen*s 
Subbase  Surface  Condenser 
Plant,  218,/^.,  224 
Newport 
details  of  plant  at,  214-7,  tests  on, 
teftfe  218-9,  (cols.  1-4) 
Rugby 

500  K.W.,  alternating  current,  tests 
of,  214,  m„  225 
and  Cork 
500  K.W.,  continuous  current,  tests 
of.    214,  fi^8„   216,   217, 
table,  218-9  (cols.  5,  6-11) 
Curtis  Turbo-Generators 
Brake  for,  212 
Commutator  of,  fig.,  210 
Dorchester  Unit,  212 
exclusive  and  inclusive  of  Condenser 
Dimensions  and  Weights  of,  (approxi- 
mate), Mbles,  211 
Power  for  Auxiliaries,  and  used  by  them 

table,  222  A  fig.,  ib. 
Test  of  (Oshkosh  Gas  Works),  220,  table, 
218-9,  (cols.  12-14) 
Curtis  Turbo-Generators  and  Alternators 
Sizes  and  Types  of  various,  tables,  208-9 


DB  Laval,   a  pioneer  of  the  Commercial 

Steam  Turbine,  2 
de  Laval  Turbines 
compared  with  A.E.G.   do.,   304,  figs. 
63,  65 
withElektrac^o.,  320 
with  Riedler-Stumpf  (io.,  273,  274 
EiBciencies  of  Electric  Generators  used 
in  Calculations,   33,  figs., 
84-9 
evolution  of,  24  et  seq, 
features  of,  26-7 

General  Description  of,  82  et  seq. 
Bearings,  95,  fig.,  96 
Blades  or  Buckets,  S7,fig.,  88 
Flexible  Shaft,.  94,  fig. ,  95 
Gears,  97,  table,  98  et  seq. 

Pinions,  Shafts  and  Bearings,  Somd  ' 
Data  of,  table,  98  et  seq. 
Governor,  104-5 
Lubrication,  97,  fig.,  96 
Nozzles,   26,   87,   figs.,   26,   27,    98, 
94 
Diverging,  data  for  designing,  t€U>le, 
69 
Vacuum  Valves,  104-5 
Vanes,  see  Wheel  and  Vanes 
Wheel,  88-6, ./f^f.,  86 
and  Vanes,  Some  Data'  of,  table,  89 
etseq. 
Internal  Losses  in,  38,  81 

1.  Nozzle  Losses,  68,  table,  69 

2.  Leakage  (io.,  70 
8.  Radiation  £io.,  70 

4.  Losses  due  to  Friction  of  Turbine 
Wheel  revolving  in  Steam, 
7^,fig8.,  72-5 

6.  do.  do,  to  Friction  of  Steam 
travelling  over  Vanes,  77 

6.  do,    do,    to    Bearing    Friction    of 

Wheel,  78 

7.  do,    in    Speed-Reduction    gearing, 

7a.  do,  to  Wear  of  Vanes  or  Buckets, 
78 

8.  do, ,  in  the  Dynamo,  80 

9.  do,  due  to  Residual  Kinetic  Energy 

in  Steam  passing  to  Con- 
denser, 80 
Summation  of  the  foregoing,  and  per- 
centa^  allocation,  81 
Largest,  rating  of,  aetails  of,  278  ds  note, 

table,  facing  40 
19  K.W.,   Turbine,   running  Non-Cou- 
densiug,  Relation  in,    be- 
tween Admission  Prei}sure 
and  Steam   Consumption, 
50,  see  also  table,  58 
Overload  caj»acity  of,  106 
Speed 
peripheral  of,  compared  with  that  of 
Parsons  Turbines,  130 
Rateauc^o.,  238 
relative,  of  Steam  and  Turbine,  28 
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de  Laval  Turbines  {co^Uinued) — 
Steam  Consumption  in 
Full  Load,  40,  52,  64 
without  Superheat,  fig,  57,  tables^  65 
with  do.t  64,  fi^s,,  64  et  seq, 
with  60'' 0.  do,,  table,  56 
Estimated  Percentage  Decrease  in 
Steam    Consumption    per 
Degree      Centigrade       of 
Superheat,  table,  68 
with  Varying  Pressure,  40,  inset  Js 

table  40,  41  e^  seq. 
with  Varying  Vacuum,  62,  ^.,  63 
Full,  Half,  and  Quarter  load,  curves 
for,    at,    889,  figs,,    890, 
891 
Half-load,  67,  iabVes  d^fig.,  68,  59 
with  Varying  Vacua,   59,   figs,^ 
60,61 
Quarter  load,  61,  figs.,  62,  63 
Steam  Economy  in,  83 
Energy  in.  Total  EflSciency  of  Con- 
version of,  29 
Weights  and  Floorspace  Dimensions  of, 
and    output    of    various, 
109,  figs,,  107,108 
Wheel,  breaking  of,  unimportant,  and 
why,  32-8,  86,  278 
de  Laval  Turbo  Generating  sets,  direct- 
coupled.      Designs      and 
Rating     of,     109,    tables 
110-18 
Delray,  see  Steam  Turbine  Plant 
Designing  Data  for    Diverging    Nozzles, 

(de  Laval),   table,  69 
Deterioration,    (de  Laval),   due  to   Wear 

of  Vanes  or  Buckets,  78 
Diamond,    see     Topaze,    Sapphire,     and 

IXanioiid,  Cruisers 
Diaphragms  in 
Curtis  Turbines,  194,/g.,  196 
Rateau  do,,  229  Jsfig,,  280 
Zoellyrfo.,  26-1,  fi>g.,  263 
Dieppe,  Turbine  Steamer,  details  of,  tables 

631,  685 
Dimensions,    Weights,    Speeds,    Outputs, 
etc.  of  Curtis  Turbines  and 
Genei-ators  with  or  without 
Condensei-8,  tables,  211 
Elektra  Turbines,  826,  ^«.,  326,  326 
Hamilton-Holzwarth    Turbine,    direct- 
coupled    with    Generator, 
table,  319 
Oerlikon -Rateau  Turbines,  table,  236 
Parsons  Type  Turbo- Generator 
Approximate    Floor    Space,    over-all 
length  and  weight,  figs,, 
148,  149,  160 
Some  particulars  of,  table,  164-5 
Diverging  Nozzles,  sec  Nozzles 
Donegal,  Piston  Steamer,  details  of,  table 
692    tt    seq.,     plans    and 
sections     of,     fig, ,     698 ; 
Engine-room  do,,  fig, ,  700 


Dorchester  Unit,  Curtis  General  El«ctric 

Machines,  212 
Double-flow    design,    ue   Weatinghouse- 

Parsoiis 
Double    wheel    Types    of  Turbines,    see 

A.E.G.,  Elektra,  Parsons, 

Rateau,  aiid  Zoelly 
Dreadnought, 'R,}A.^.  Turbine  Battleship, 

table,  636- 
Dynamo  (de  Laval),  losses  iUj  80 
used  with  A.E.G.  Turbine,  position  of, 

290 


EcoNOMiSER  Surface,  in  some  of  the  Plants 

referred  to,  table,  462-8 
Economisers,  see  Steam  Turbine  Plants,  (47) 
Economy  of 

Coal,  in  Turbines  and  Piston  Engines, 

404 
Oil,  in  the  same,  404 
Steam,  (Curtis),  192-4 
in  relation  to  Admission  Pressure,  161-2 
do.  to  Condensing,  >?^.,  12 
do.  to  size  of  Clearances,  120, 129 
Edtn,    Turbine    Torpedo-boat    Destroyer, 
details     of,     tables,     630, 
659-60 
Coal    Consumption   of,    in    comparison 
with  Piston  Engine  Vessels, 
table,  668 
Efficiency,  see  Commercial  do, 
of  Boilers,  see  Boilers 
small  Clearances  in  relation  to.  Parsons 
and     Willans    -    Parsons 
Turbines,  161 
Elector  Condensers,  see  Condensers 
Elektra  Turbines 
Dimensions,  Weights,  and  Floor-Space 

of,  ^2h,figs.,  326,  326 
Double  and  Single  Wheel 
General  Descnption  of,  320,  fi^s. ,  821 , 
322,  826,  326,  tables,  823, 
324,  326,  Ul,  822 
Casing,  320 
Clearance,  822 
Nozzles,  820,  322 
Steam     Passages,    concentric    and 

reversing,  320 
Vanes,  320,  322 

Wheel,  820,  322,  fig,,  321,  Ul„  322 
Peripheral  Speed,  822 
Rim  to,  322 
Sizes  of,  (10-800  H.P.),  820 
S\yeed  of,  moderate,  how  secured,  820 
Steam 
Admission,  Passage  through  and  Ex- 
pansion of, 
in  relation  to  Moderate  Speeds,  820 
do,  to  Thrust,  822 
Consumption  in 
Curves  for,  at 
Half,  and  Quarter  Loads,  389  A 
noU,  figs,,  890,  391 
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Elektra   Turbines,    Steam,    Consumption 
in  (ctmtinued) — 
in    various  Sizes,    and  at  various 
Loads,    328,    tahles,    828, 
824,  326 
impacts  of,  utilised  to  secure  moderate 
Speed,  820 
Turbine    Sets    comprising    Direct-con- 
nected   Grenerator,     taJbUf 
324 
Electric  Generators  used  in  Calculations, 
Efficiencies  of,  (de  Laval), 
33,  jigs,  34-7 
Emerald,  Turbine  Yacht,  details  of,  t<ibles, 

680,  669  et  seq. 
Emergency  Governor,  (Zoelly),  263 
Emmet,  Mr,  tests  by,   on  Curtis  Turbo- 
generator, Newj)ort,  tables 
218-9     (cols.     1-4);     do. 
referred  to  on  Speed  and 
Economy,  13 
End  Pressure,  or  Thrust,  (Parsons),  how 
caused  and  how  offset,  120 
(Westinghou^e- Parsons),  how  eliminated, 
145,  146 
Energy 
expressions  used  for,  in  Steam  Engineer- 
ing, 17,  18,  table,  18 
Equivalent  Statements  of,  (English  and 

Metric),  tahle,  22 
relation  of,  to  Heat  in  Steam  and  partly 

evaporated  Water,  848-9 
requisite    to    produce   Steam    of  given 
qualities    in    relation    to 
total  do.,  356,  fabUs,  342 
et  seq. 
of  Steam 

Convertible,  importance  of,  841 

in    Saturated   Steam,    349,    tables, 
342,  345 
in  relation  to 
Exhaust  Pressure,  357 
Expansion,  356,  366-7 
Residual  Kinetic  in  passing  to  Con- 
denser losses  due  to,  (de 
Laval),  80 
in  Steam  and  partly  evaporated  Water, 

relations  between,  348-9 
Total  efficiency  of  Conversion   of,   in, 

(de  Laval),  29 
used  in  Overcoming  External  pressure 
during  Superheating,  849, 
how  calculated,  350 
Energy,    Work,    and    Heat  Units,   with 
Abbreviations,    and    Cor- 
responding    Values,     ex- 
pressed in  Joules,  table,  18 
Engine-rooms,  see  Buildings 
Engines,  {see  also  Piston,  and  Reciprocat- 
ing   do.,    and    Turbines), 
Ditferent  Types  of.  Com- 
parison of  Cost  of,  table,  9 
English  M'Kenna  Co.,  see  Steam  Turbine 
Plant 


Equivalent    Consumption    of   Steam    per 
K.W.  hour,  R.H.P.  hour, 
and   LH.P.   hour,    tables, 
779-87 
E<|uivalents    in    different   units,    English 
and  Metric,  of 
Areas  and  Volumes,  tcUfle,  21 
Lengths,  table,  20 
Statements  of  Energy,  tuble,  22 
Values  for  power,  table,  20 
for  Vacua,  table,  788-9 
for  Work,  Energy,  and  Heat,  tables, 
19,  22 
Escher,    Wyss,   k  Co.,   and  other  firms, 
manufacturing  Zoelly  Tur- 
bines, 260  A  note,  265  ds 
note 
Essen   Electricity  Works,  Brown-Boveri- 
rarsons     largest     Turbo- 
Dynamo  at,  135 
Ewing,  Prof.,  tests  of,  on  Turbinia  (1st), 

637  et  seq.,  tables,  ib. 
Examples  of  Steam  Turbine  Plants,  see 

Steam  Turbine  Plants 
Exciters,  see  Steam  Turbine  Plants,  (72) 
Exhaust  Pressure,  see  Pressure 
Expansion,  Adiabatic,  of  Steam  in  relation 

to  Energy,  355,  356-7 
External  Pressure,  see  Pressure 

Fans  coupled  to  Rateau  Turbines,  288 
Firms  building  various  Turbines,  see  under 

names 
First  Cost  of  Steam  Turbines,  2,  3  <fe  tables 
Flexible  Bearings,  see  Bearings 
(Jouplings,  see  Couplings 
Shaft,  see  Shaft 
Floor  Space,  see  Dimensions 
Foot-pound,  (ft  -lb.),  defined,  18 
Footstep  Bearing,  see  Bearings 
Foundations,   441   et  seq.  Jig.   442,  table, 
448,  i7/.,  444 
for  A.E.G.  machines,  lightness  of,  291 
Frankfort     Electricity     Works,     Brown- 
Bo  veri  -  Parsons      Tu  rbo  - 
Dynamo  at,  135,  ills.,  137, 
lSS,<bsee  table,  facing  166 
Fraser    k    Chalmers,    makers   of  Rateau 
Turbines,     234,    see    Uls. 
227  etc. 
French  Naval  Torpedo  Boats  with  Rateau 
Turbines,  details  of,  table, 
786,    ill.,    788,    tests    of 
duplicate     turbine,     740, 
Uible,  637 ;    propellers  of, 
ill.,  789 
French-made  Turbines,  see  Rateau 
Friction  in 
de  Laval  Turbines, 
Losses  due  to 
in  Bearings,  78 

of  Steam,  travelling  over  Vanes,  77. 
due  to  Turbine  Wheel  revolving  in 
Steam,  71 
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Friction  in  {continued) — 
Parsons  Turbines, 
due  to  difference  of  density  in  medium 
in   which  wheel   revolves, 
120 
Union  Turbines, 
how  reduced,  335 
Fuel,  Calorific  Values  of,  see  Coal. 
Fulham  Electricity  Works,  London, 
CurtisTurbo-Altematorat,  218, 437  tMU^ 
ill,,  668 
Fullagar,  H.F.,  method  invented  by,  for 
fixing  Blades,  127-8,  161, 
/y».,  127, 128-30,  t«.,  139, 
claims  made  for  the  plan, 
129 
Full  Load,  see  under  Steam  Consumption 

Gearing,    Speed-reduction,    (de    Laval), 

Losses  in,  78 
Gears,    Pinions,    Shafts,    and    Bearings, 
(de  Laval)  971   Data    of, 
tabU,  98  et  seq. 
General  Electric  Co.,  U.S.A.,   makers  of 

(^rtis  Turbines,  212 
German  Turbine  Cruisei-s,  Torpedo  Boats, 
and    Merchant    Steamers, 
details    of,   table,   742    et 
seq.  ;  Turbine  room   and 
Turbines    of    a    Torpedo 
Boat,  ills.,  746,  747 
German-made      Turbines,     see     A.E.G., 
Elektra,     Riedler-Stumpf, 
Union,  and  Zoelly 
Gesellschaft  fiir  Elekbische  Industrie,  of 
Karlsriihe,  makers  of  the 
Elektra  Turbine,  820 
Glands,  in  the 
Curtis  Turbine,  205 
BA\te&\ido.,  286 
Zoelly  (io.,  264 
Going   astern,   in  Turbine  Vessels,   636 
arrangements  for,  in  Tur- 
binia   (1st),   638,    do,    in 
Vessels  of  the  Cunard  Co. , 
ill,,  720 
Governors,  {see  also  Steam  Turbine  Plants, 
(59,  60),  in  various  makes 
of  Turbine, 
A.E.G. 

Safety,  296 
Curtis,   194,   199,  UU,  196,   197,  Jig., 
198 
Valves  in,   197-9,  figs.,  198,  200, 
201 
Emergency,  201,  ill.,  196,  fig.,  201 
de  Laval,  104-6 
Hamilton-Holzwarth,  814,   817-8,   fig,, 

318 
Rateau 
Governor  and  Compensator,  234,  fig. 
facing  234 
Riedler-Stumpf,  277 
Union,  332,  figs.,  883,  334,  336 


Governors  {continued)— 

Zoelly,  262-3,  figs.,  261,  264 
Emergency,  263 
Grauert,  13,  cited  on  Riedler-Stumpf  Turbo- 
Generating  Set,  286-7 


Halt  Load,  see  under  Steam  Consump- 
tion 
Hallside  Works,  Steel  Co.  of  ScotUnd, 
Rateau  Heat  Accumulator 
at.  253-4,  figs.,  233,  269, 
d:  facing  252,  ills.,  255, 
256 
Halpin,  D.,  Heat-storing  system  patented 

by,  247 
Hamburg,     German     Turbine     Cruiser, 

742  710^ 
Hambui^  -  American    S.S.    Co.,    Turbine 
Steamer    of,    details    of, 
tabl^,  742  et  seq. 
Hamilton-Holzwarth  Turbine, 
compared  with  others,   307,  ill.,  312, 

figs.,  313,  314 
Dimensions  etc.  and  list  of,  Direct-coupled 
with  generators,  table,  319 
General  Description  of,  807  et  seq. 
Bearings,  816-7 
Bed-plates,  311,  316 
Casings 
High  and  Low  Pressure,  311  <t  note, 
814,  316 
Condenser,  814 

Governor,  814,  S17-S,  fig.,  318 
Lubrication.  317,  318 
Shaft,  309 
Subdivisions  of,  and  flexible  coup- 
lings, 315-6 
Stationary  Discs,  see  Vanes,  infra 
Stuffing  Boxes,  316-7,  fig.,  817 
Valves, 

Main  inlet,  how  controlled,  811 
Regulating,  811 
Vanes,  307,  309-11,  figs.,  809,  810 
Stationary,  (or  Discs),  309-11,  figs., 
310,  311 
Wheels,  built  up,  307,  808-9,  figs., 
809,  310 
Peripheral  Speed,  309 
Steel  band  round,  outside  Vanes,  use 
of,  309,  811 
Steam  in 
admission  to,  31 1 
hi^h  pressure, 
injector  action,  occasional,  given 
to,  814 
leakage,  elimination  of,  809,  816-7 
passage  through,  and  expansion  in, 
807,  811-14,  316, /<y.,  808 
varying  velocijj^  of,  307 
Harrogate,  Curtis  Turbo-generator  at,  750 
K.W.    with   Allen's  .  .  . 
Bubbase  Surface  Condenser, 
218,  fig.,  224 
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Heat 
Accnmulator 

Rateau,  250,  26S,  figs,,  257»  258 
Regenerative,  (Rateau)  326-7,  246-50, 
figa.,  248,  249,  258 
Energy,  and  Work  Units,  see  Energy 

Work  and  Heat,  do. 
in  Liquid,  or  Sensible  Heat,  (S).,  841, 
tables,  342,  845 
Latent,  (L.),  841 
External,  during  Superheating,  350 
Internal,  (L,),  848 
Specific,  850,  fig.  351 
Total,(H.),  849,  850 
Sensible,  (S. ),  see  Heat  in  Liquid,  supra 
Storage,  Halpin's  patent  for,  247 
Hero's  Turbine,  24-5 
High     Pressure    Supplementary    Rateau 

Turbines.  252 
Hoovens-Owens-Rentschler  Co.,  Hamilton 
U.S.  A.,     makers    of     the 
Hamilton-Holzwarth  Tur- 
bine, 807 
Horse-Power,  (H.P.),  defined,  19 
Horse- Power  Hour,  (H.P.H.),  defined,  18 
Hub  of  Wheel,   Riedler-Stumpf  Turbine 
features    of,   275-6,  figs,, 
274,  276,  278 
Hucknall-Torkard  Colliery,   Rateau  Heat 
Accumulator  at,  250,  268, 
>^«.,267,  258 
Hum  of  High    Speed,   how    said    to  be 
eliminated,  (Westing- 

house),  149 
Hyacinth,  H.M.S.   Cruiser,   Steam    Con- 
sumption of,  685,^.,  634 

Impulse  and  Reaction  Turbines,  Difference 

between,  Rateau  on,  228-9 

note  O 
LuUpendance,  Turbine  Steamer,  details  of, 

tai>les,  681,  784 
Internal  Losses,  (de  Laval),  see  Losses 
Invicta,     Turbine    Steamer,    details    of, 

tables,  681,  684  et  seq, 

j£T  Condensers,  see  Condensers 
Joule,  defined,  18  note 

KAISER,  German  Turbine  Merchant 
Steamer,  details  of,  tables, 
681,  742  et  seq.  Turbines 
of,  HI,  777  i 

Kilogram -Calorie,  (Kg.  C),  defined,  17 

Kilogram-Calorie,    (one,    per    second,    or   i 
Kg.C.S.),  defined,  19 

Kilograms  of  Steam  raised,  per  kilogram 
of  Coal,  868,  364  ik  tabU 

Kilowatt,  (K.W.),  defined,  19 

Kilowatt  hour,  (K.W.H.),  or  Board  of 
Trade  Unit,  defined  17  <<* 
note 


King  Edward,  Turbine  Steamer,  details 
of,  and  comparison  of, 
with  Piston  Engine  Vessel, 
tables,  630,  664  et  seq., 
ill,  668 

Kingfisher,  Turbine  Steamer,  682 

L.  Street,  Boston,  see  Steam  Turbine 
Plant 

Lasche,  0.,  and  the  A.E.G.  Turbine,  290 

Latent  Heat,  see  Heat 

Leakage, 
between  Nozzles  and  Vanes,  (de  Laval), 

Losses  due  to,  70 
in  proportion  to  Clearances,  (Parsons), 
120 

Lengths,  Equivalent  Measures  of,  (English 
and  Metric),  table,  20 

Lhassa,  Turbine  Steamer,  details  of, 
tables,  681,  ^%betseq, 

lAbellvZe,  Turbine  Yacht,  686,  details  of, 
taJbles,  681,  669  etseq. 

Lift  Pumps,  see  Pumps 

Lilienthal's  Reversing  Nozzle,  280-2,  fi^g,, 
282 

Linga,  Turbine  Steamer,  details  of,  tables, 
681,  685  et  seq. 

Liquid,  Heat  in,  341,  tables,  342,  845 

Loads,  see  under  Steam  Consumption  sub- 
head of  each  Turbine  and 
of  Piston  Engines 

L.B.  k  S.C.R.,  and  Chemin  de  Fer 
de  rOuest,  Turbine  and 
Reciprocating  Engines, 
Steamers  of,  tables,  680-1, 
685  et  seq. 

Londonderry,  Turbine  Steamer,  details  of, 
table,  630,  692  et  seq. 
Plans  and  sections,  fig,, 
698,  position  of  Starting 
platforms  in,  704 

Loongana,  Turbine  Steamer,  details  of, 
taUes,  681,  685  et  seq, 

Lorena,  Turbine  Yacht,  details  of,  tables, 
6S0,  669  etseq,,  ill,,  672 
Condensers  in,  table,  437 

Losses,  Internal  in  the  de  Laval  Turbine 

1.  Nozzle  Losses,  68,  table,  69 

2.  Leakage  <io.,  70 
8.  Radiation  e^.,  70 

4.  Losses  due   to    Friction  of   Wheel, 

revolving   in  Steam,   71, 
figs.,  72-5 

5.  do,  do,  to  Friction  of  Steam,  travel- 

ling over  Vanes,  77 

6.  do,  do,  to  Bearing  Friction  of  Wheel, 

78 

7.  do,    in     Speed-Reduction    Gearing, 

78 
7a.  do,  due  to  Wear  of  Vanes,  78 

8.  do,  in  the  Dynamo,  80 

9.  do.  due  to  Residual  Kinetic  Energy 

in     Steam     passing     to 
Condenser,  80 


800 


INDEX 


Losses  in  de  Layal  Turbine  {eanUnued) — 
Summation  of  the  above,  and  peix)entage 
allocation,  81 
Lots  Road,   Chelsea,  see  Steam    Turbine 

Plant 
Low-pressure  Turbines 
Curtis,  described,  228,   table,  224 
Rateau,      with      Heat      Accumulator, 
Steam    Consumption    of, 
effect     on,     of     reducing 
Vacimm,  tcU}Ie,  241  ;  tests 
on,  table,  2i6 
Litbeck,  German  Turbine  Cruiser,  details 
of,  tables,  630,  742  et  nexi., 
ills.,  744,  745 
Lubrication,  see  Steam  Turbine  Plants  (63) 
A.E.G.  Turbine,  292 
Curtis,  (by  water)  204  <fc  fig. 
deLaval,  97,/5r.,  96 
Hamilton-Holzwarth,  317,  318 
Parsons,  134 
Oil  consumption    for  different  sizes, 
table,  135 
Zoelly,  268 
Lucania,  see  Campania  and  Lucania 
Lunka,  Turbine  Steamer,  details  of,  tables, 

631,  685  et  seq. 
LtisUania,  Turbine  Steamer,  631,  716 

MAHENO,  details  of,  tables,  631,  685  iwte 

Mahroussa,   Turbine  Yacht,   (Khedive's), 

table,  631  (detail  61  dinoU), 

669  no^ 

Main  Generators,  see  Steam  Turbine  Plants, 

(71) 
Main  Steam  Turbines,  see  Steam  Turbine 

Plants,  (56) 
Manxman,    Turbine    Stenmer,    details    of 
tables,  630,  692  et  seq. 
Plans  and  sections,  fig.,  698 
Position  of  Starting  Platforms  in,  704 
Revolutions  and   Slips   of 
Compared  with  Reciprocating  Engine 
Vessel,  table,  704 
Steam  to  Glands  etc.,  in,  709 
Tests,  table,  709 
Turbine  Room,  ill.,  703, 
Cross  section,  fig.,  703 
do.,  and  Condensers,  ilL  ^  fig^^  705 
Marine  Condensers  in  Some  Turbine-Driven 
Vessels,  437  <fe  table 
Lighting  Plant, 
nrown-BoveriPrtrsons,  189,^.,  190 
Cost   of,   compared    with    that   of 
equivalent  Piston  Engine 
Engine  Plant,  190 
Riedler-Stumpf,  small  Turbo-generator 
for,  286-7, /flr.,  287 
Marine    Steam     Turbines,    and     Turbine 
Vessels,  630  et  seq. 
Comparisons  with  Reciprocating  Engines, 

632,  tables,  648-9,   650-1 
et  seq.,  figs.,  634,  655 

relative  Steam  Consumption,  634-5 


Marine  Steam  Turbines,  eto.  {continued) — 
Condensers  in,  632,  table,  487 

Augmenter  do,,  710 
First    Parsons    Marine    Turbine    Ship, 
Tvfrbinia  (1st),  636,  HL, 
637,  tables,  630.  637,  639, 
642,  643,  647, ;?9W.,  638-9, 
640-1,  645 
Going  Astern  in,  636,  638,  ill.,  720 
Governing  Tifrbines  in,  704,  709 
Stopping  from  Full  Speed,  646 
List  of  Turbine  Vessels,  and  Index  to 
further  Data,  table,  630-2 
Recent  Torpedo- Boat  Destroyers,  661-8. 

table,  663 
Reciprocating  Engines  combined  with, 
Economy  of  Steam   (Con- 
sumption secured  by,  636 
Oil -consumption  in,  783 
Speed    and   Size   Limits  for,  Rateau's 
and      Winter's     opinions 
cited,   632,   683,    views  of 
the        Parsons       Marine 
Steam  Turbine  Ca,  684, 
of  Mr  Speekman,  685 
Starting  Platforms  in,  position  of,  704 
Steam  By-pass  to  Intermediate  Stage  in, 

709 
Turbines  and  Turbo-generators  used  in, 
A. E.G.  20  K.W.,  292,  fig.,  298,  tabU, 

ib. 
Curtis,  Vane  and  Nozzle  arrangement 

for,  195 
Zoelly,  272 
Maschinenbau-Aktien  Gesellschaft  Union, 
Essen,     builders    of    the 
Union  Turbine,  327 
**  Mauritania,''^  Turbine  Steamer,  631,  716 
Mean  Representative  Results  as  to  Steam 
Consumption,    see    under 
Piston  engines,  and  under 
Steam  Turbines  % 

Mechanical  Stokers,  see   Steam    Turbine 

Plants,  (44) 
Merz,  C.H.,  Tests  by,  on  a  Curtis  Turbo- 
Alternator  at  Cork,  217, 
table,  218-9  (cols.  6-11) 
Metre-kilogram,  (m.-kg.),  defined,  18 
Metric  system,  use  of,  in  its  bearing  on 
Continental  rivalry    with 
English  -  speaking    coun- 
tries, 22 
Metric  and  English  Units  Measures  etc., 
see  Equivalents  in  different 
units 
Midland    Railway    Co.'s    Turbine     and 
Rieciprocating         Engine 
Steamers,  tables,  680,  692 
et  seq, 
Mirrlees- Watson  Surface-Condenser,   Par- 
tick,  487,  IZ/..486 
Moabit  2000  H.P.  Riedler-Stumpf  Turbine 
described,  276,  278,  279, 
figs.,  276,  277,  279,  290 
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Modern  Piston  Engines,  see  Piston  Engines 
Money,  decimally  expr^sed  in  this  work, 

23 
Motherwell,  see  Steam  Turbine  Plant 
Mnlticellnlar  Turbo- Alternator,  (Rateau), 

860  K.W.,  Tests  of,  table, 

242 
Multiple- Wheel   TVpe   of    Turbines,    see 

A.E.G.,  Parsons,  Rateau, 

and  Zoelly  Turbines 

NARCISSUS,  Turbine  Yacht,  detaUs  of, 

tables,  QZl,  669  et  seq. 
Naval  Vessels,  with  Turbines  and  Kecipro- 
cating  Engines,  compari- 
sons of,  tables,  630-1,  648 
et  sea. 
Neasden,  see  Steam  Turbine  Plant 
New  York  Edison  Co.'s  New  Waterside 
Station,  147,  209,  note  (2), 
454,  ills.,  444,  455,  481 
Newport  Electric  Lighting  Power  Station 
Curtis  Turbine,  details  of,  214-7,  tests 
on,    table,    218-9,    (cols. 
1-4). 
Nickel  Steel,   employed  in  Wheels   and 
Nozzles  (Biedler-Stumpf), 
276,  279 
Nomenclature 
Expressions  for  Energy  defined,  17,  18, 
table,  18 
Board  of  Trade  Unit,  (B.T.U.),  17 

iknote 
British  Thermal  Unit,  (B.Th.U.),  17 

<Cr  note 
Foot-pound,  (ft. -lb.),  18 
Horse-power-hour,  (H.  P.  H.),  18 
Kilogram-calorie,  (Kg.C.)i  17 
Kilowatt-hour,  (K.W.fl.),  17  itnoU 
Metre-kilograms,  (K.g.m.),  18 
Warme  Einheit,  (W.E.),  17 
Practical  Units  for  Power,  19  <&  tables 
Horse- Power,  (H.P.),  19 
Kg.C.S.,    (one   kilogram -calorie    per 

second),  19 
Kilowatt,  (K.W.).  19 
Non-condensing  Parsons  Turbine,  see  under 

Parsons  Turbines 
Nozzles  in  different  Turbines 
A.E.G.,  291.  804,  SOe,  Jig.,  805 
Curtis,  191-4,  196,  Jiqs.,  194,  195 
de  Laval,  26,  27,  87,  figs.,  26,  27,  93,  94 

losses  in,  68,  table,  69,  tt  see  70 
Rateau,  229,  234,  fig.,  229 
Riedler-Stumpf,    and    Lilienthal     and 
Riedler-Stumpf,  278,  279, 
288,  figs.,   274,  279,  280, 
281,  280-2,  288,^*.,  282, 
288 
Union,  327,  831,  SS2,  fig.,  828 
Nozzles,  of  different  types 
Diveraing 
A.E.G.,  291 
de  Laval,  26, 27, 87,  figs. ,  26, 27, 98,t94 


Nozzles,  Diverging  (eontiuued) — 
Union,  881 
Expanding 
CurUs,  191-4,  196,  figs.,  194,  195 

Number  of,  199 
Rateau,  229,  284, Z^.,  229 
Reversing 
Lilienthal,  and  Riedler-Stumpf,  280-2, 
288,;S^«.,  282,  288 
Nozzles  and  Vanes,  Leakage  between,  (de 

Laval),  Losses  due  to,  70 
No,  1126,  Turbine  Steam  Yacht,  details 
of,  tables  630,  678  et  seq. 


Oerlikon -Rateau    Turbines,    described, 
236  <fc  noU,  figs.,  285,  287, 
288,  240,  241 
Dimensions,   Outputs,   and   Speeds  of, 

table,  236 
100  K.W.     Ul,  235,  tabU,  286 
1000  K.  W.    Test  of,  tabU,  245 

Oil-Consumption  in  Lubrication,  Parsons 
Turbines,     various    sizes, 
tabU,  135,  Zoelly  Turbine, 
263-4 
in  Reciprocating  Marine  Engines,  783 

Oil-cooling  plant,  su  Steam  Tiu-bine  Plant, 
(64.) 

Oil-economy  in  Turbines  and  Piston  En- 
gines, 404 

Oil-supply,  to  Bearings,  (Curtis),  201,  204, 
table,  202 ;  Accumulator 
for,  205,  (Parsons),  func- 
tion of,  181 

1000  and  1500  Kilowatt  Sets,  Tenders  and 
accepted  Prices  for,  5-7  <fc 
tables 

Onward,  Turbine  Steamer,  details  of, 
tables,  en,  684  et  seq, 

Osborne,  Turbine  Yacht  (King  Edward's), 
table,  631  <6  note,  669  noU 

Osthoff,  0.  E.,  tests  by,  on  Curtis  Turbo- 
generator, Oshkosh  Gas 
Works,  220,  table,  218-9, 
(cols.  12-14) 

Outputs,  see  Dimensions  etc. 

Overall  Length,  see  Dimensions  etc. 

Overhead  Travelling  Cranes,  see  Cranes 


Parsons,  C.  A.  &  Co.,  chief  makers  of  the 
Parsons  Turbine,  119,  see 
also  Brown  •  Boveri  -  Par- 
sons, and  Westinghouse- 
Parsons 
Parsons,  Hon.  C.  A.,  682,  687 

experiments  of,  regarding  Cavitation, 

644-6, ;i^«.,  647 
patents  of, 
for  securing  Low  Peripheral  Speed, 

2tMnote 
for  utilising  Expansion  of  Steam, 
:^47 

51 
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Parsons,  Hon.  C.  A.  {continued)-^ 

pioneer  {see  also  de  Laval)  of  the  Com- 
mercial Steam  Turbine,  2 
views  of  I  citedf  on  advantages  of  joint 
use  of  Turbines  and  Re- 
ciprocating    Marine    En- 
gines, 686-7 
and  Stoney,  tests  by,  of  Turbines  for 
Driving  Dynamos,  results 
of,  citedj   as  to  etfects  of 
Varying  Vacuum  on  Steam 
Consumption,  165-8, /pv., 
165,  166,  168 
Parsons  Marine  Steam  Turbine  Co. 
arrangements  of,  for  Going  Astern,  636 
first  Turbine  Ship  of,  see  Turbinia  1st 
low  speeds  provided  for,  by,  634 
"mongrel"    system    of,    for    securing 
Economical    Steam    Con- 
sumption   at   all    Speeds, 
636 
Steam  Trials  of  Amethyst,  fitted  with 
Parsons    Turbines,    tdbUy 
682 
views  of,  cUed^  on  Speed  and  Size  Limits 
for  Marine  Steam  Turbines, 
634 
Parsons  Peebles    Turbo  •  Generators,   with 
Allen  Surface  Condensers, 
440  dsfig. 
Parsons  Turbine,  119 
chosen  for  comparison  of  results  between 
Piston  Engines  and  Steam 
Turbines,  and  why,  391-2 
described,  \2^  et  seq,/figs.,  121,  122,  ds 
facing  122,  128,  124,  t7&., 
125-80,      132-4,     136-8, 
140-2,  144,    146,    147,    dtr 
faeiTig  148,  152,  table,  185 
efficiency  of,  in  relation  to  Smallness  of 

Clearances,  151 
Firms    building,   119  de  Twte,  see  also 

under  each  name 
General  description  of 

Balance  Pistons,  120,  figs.,  121,  122 

dt  facing 
Bearing,  Flexible,  131 
Pressure,  13"2 
Thrust,  132  dsfig. 
Friction  in,  how  caused,  120 
Lubrication  in,  134 

Oil-consumption   for  various  sizes, 
table,  135 
Regulator,  132,^.,  133 

action  of,  ^s.,  134 
Rotor,  122,  figs,,  121,  122,  d:  facing 

122,  ill.,  143 
Steam 
admission,     occasional    direct,     to 

intermediate  Stages,  131 
progress  through,  131 
as  acted  on  by  guide  Vanes,  120 
leakages  of,  how  caused,  120,  how 
disposed  of,  131 


I  Parsons  Turbine,  General  description  of 
{eonUnusd) — 
Vanes 
fixed  and  moving, 
construction  of,  120-9 
numbers  of,  122  cfc  note,  308-9 
I  at  high-pressure  end,  criticism  of, 

{  331 

relative  position  of,  how  secured, 
,  182  A  fig. 

\  stationary  **  jfuide,"  120 

difference  in  fixing,  and  those 
of     Hamilton  -  Holzwarth 
Turbine,  810 
Wheel,  120 
resemblances  to,  of  that  of  Union 
Turbine,  831 
Steam 
Consumption  in,  156,  d:  table  facing 
do.  ds  see  do.,  under  Piston 
Engines  and  Steam  Tur- 
bines 
at  Full,  Half,  and  Quarter  Loads, 
curves  for,  389,  ^«.,  390, 
391 
do.  do.  Average,    with    definite 
Vacuum    and    Superheat, 
table,  187,  excess  of  Half 
and    Quarter   Loads  over 
Y\3XLdo.,  table,  188 
do.  with  Constant   Vacuum  and 
definite    Superheat,    with 
Varying    Absolute  Steam 
Pressures,    tables,    180-1, 
186 
do,  do,  do,  and   Mean   Absolute 
Pressure,    tabUs,    182-4, 
185 
Percentage  decrease  in,  in  relation 
to   less    Load    and    more 
Vacuum,    165,  figs,,  165, 
166 
in  relation  to  Pressure,  (Admis- 
sion) and  Changes  in  Pres- 
sure, 156  et  seq,,  179,  figs,, 
157-60,384,391,393,408, 


facing  396 
I  Variott 


with  Various  Loads,  see  Full,  and 
Average  do,,  supra 
Full,  non-condensing,  excess  of, 
overspecified  Vacuum,  162, 
fig^,  164 
with  varying  Superheat, /^5., 
176,  177,  178,  table,  178 
Kslf,  fig.,  1S8 
Quarter,  jigr.,  189 
do,  with  Constant  Vacuum  and 
Superheat^  and  Mean  Abso- 
lute Pressure,  tables,  182-4, 
185,    do.    with    Varying 
Pressure,  tables  180-1 
do.,  with  Varying  Superheat,  162 
etseq.  891, 893 ^».,  171-9, 
896,  tabU,  178 
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Parsons  Tarbine,  General  description  of. 
Steam  {eontinued) — 
in  relation  to 
Varying  Load 
F^U,  Half,  and  Quarter,  curves 

for,  889, ;i^«.,  890,  891 
do,  do.  Average, 
with  Constant  Vacuum  and 
Superheat,      tabU,      187, 
excess  of  Half  and  Quarter 
Loads      over     Full     rfo., 
table,  188 
do,  do,  with    the   same,   and 
Mean  Absolute  Steam  Pres- 
sure, tables,  182-4,  185 
do,  do,   with    the    same,   and 
Varying   Absolute,  Steam 
Pressure,  table,  180-1,  186 
do,   with  Varying  Vacuum,  with, 
and    without    Superheat, 
162  el  aeq.,  176,  177,891, 
893,   figs.,    168-78,    897, 
tables,  168,  171,  172 
Economy  in  {and  in  others),  little  effect 
on,  of  Varying  Admission 
Pressure,  384 
Leakage  of,  in  proportion  t«fr  Clear- 
ances, 120 
Vane  Proportions  in  a  760  K.W.  set, 
126-6,  table,  126 
Parsons  Turbo-generators,  or  Generating 
sets 
Dimensions    of.  Some   Particulars   of, 
tahU,l6i-6 
Floor  Space, /S^.,  149 
Overall  Length,  ^.,160 
Weights, /a.,  148 
Efficiency  of  lai^gest  size,  at  Full-Load, 

Non-Condensing  sets.  High  Pressure  in 
relation    to   Ek^onomy  in, 
161 
Parsons  type  Turbo-generators 

Rated  Speeds  of,  fig.,  160 
Peripheral  Speeds,  see  also  Speeds 
Low,    Parsons'    patent     for    securing, 

261  noU 
Pressure  of  at  Bearings,  14,  table,  15 
Pinions,  see  Gears,  Pinions  etc. 
Piping,  Steam  Turbine  Plants  (48) 
Piston  Steam  Engines,  Modem,  see  also 
Reciprocating  Engines 
behaviour  of  Steam  in,  under  Extreme 

Conditions,  864-6 
prospects  of  improved  Economy  in,  with 
use  of  Superheated  Steam,  1 
Steam  Consumption  in 
Effect  on,  of 
Varying  Admission   Pressure,  884 

Varying  Superheat,  386,  figs.,  386, 

886 
Varying  Vacuum,  887,  figs. ,  facing 

888 


Piston  Steam  Engines,  Steam  Consumption 
in  {continued) — 
in  38  engines,  various  makers 
Full  Load,  373,  table,  876-9 
results,  880,  fig.,  381-8,  average 
of  lowest  dfo.,  table,  380 
Half  and  Quarter  Load,  883-4,  figs., 
375,  882,  383 
Steam  Economy  in 
Typical  results  as  to,  870  et  seq. ,  figs. 
ft-  tables,  ib. 
Piston  Steam  Engines,  Modern,  and  Steam 
Turbines 
Coal  Economy  in,  404 
Commercial  Efficiencies  of,  under  Extreme 

Conditions,/^*.,  416-7 
Comparison  of  Results  of  Steam  Con- 
sumption in  the  former, 
with  Mean  Representative 
Results  for  the  latter,  389 
etseq.,  figs.,  392  etc., 
398-401,  412,  418,  under 
authors'  Standard  Condi- 
tions, 416  itfigs.,  the  same, 
at  Various  Loads  as  a 
percentage  of  Full  Load 
do.,  398,  figs.,  402,  408; 
Standards  of  Reference 
for,  889 
Pistons,  Balance,  in  Parsons  Turbines,  uses 

of,  120,  figs.,  121,  122 
Plants    in    Operation,    {see    also    Steam 
Turbine    Plants),    Steam 
Pressure,    Superheat,   and 
Vacuum  in,  422    et   seq., 
tables,  423,  424-6,  426-7, 
428 
Polyphase  Turbo-generators,  see  A.E.G. 
Power, 

for  Auxiliaries,  (Curtis),  table,  222 
consumed  by  Auxiliaries,  (Curtis),  table, 

222,  (Rateau),  240 
Equivalent    Values    for,    expressed    in 
English  and  Metric  Units, 
table,  20 
Practical  Units  for,  definitions  of,  19  d: 

tables 
Units,    with    Abbreviations   and   their 
Corresponding  Values  ex- 
pressed in  Watts,  table,  19 
Power  House(B)  {see  Building  (9)  under 
Steam  Turbine  Plants)  Cost 
of,  complete,  9,  table,  8 
Practical  Units  for  Power,  definitions  of, 

19  A-  tables 
Pressures,  see  also  W^eights  and  Pressures 
Absolute 

Mean,  with  Constant  Vacuum  and 
Superheat,  Steam  Con- 
sumption of  Pai-sons  Tur- 
bine with,  tahles,  1 82-4, 185 
Varying,  with  the  same,  Steam  Con- 
sumption of  Parsons  Tur- 
bine with,  tables,  180-1, 186 
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Pressures,  Admission 

in  relation  to  Steam  Economy ,  1 61-2 
increased,  in  relation  to  Commercial 
Efficiency  of  Turbines  and 
Piston  Engines,  405,  412 
et  aeq.,  figs,,  406-11 
in  relation  to  Steam  Economy,  161-2 
in  relation  to  Steam   Consumption 
de  Laval  19.6  K.W.  Tur- 
bine     running     Non-con- 
densing, t€LbUf  50,  see  also 
tabu,  58 
do,    do.    Parsons   Turbine,    156  e^ 
seq.yfigs,,  157-60,  do,  and 
others,  391,  393,  403,  figs,, 
facing  396 
increased,  in  relation  to  Commercial 
Efficiency  of  Turbines  and 
Piston  Engines,  405,  412 
etseq.ffigs,,  406-11 
Varying, 
in  relation  to  Steam  Consumption 
of  Piston  Engines,  384  A  fig, 
of  Turbines 
de  Laval,  40,  tables,  facing  40, 

41  et  seq. 
Parsons  and  others,  slight  effect 
of,  156  et  seq,,  179,  384, 
391,      893,      403,     fi^s., 
157-60,  Asfacvng  396 
Westinghouse,     and     Brown- 
Bo veri- Parsons    sets,  161, 
figs.,  158,  159,  160 
Bearing,  (Parsons),  132 
Constant,  and  Variable  Speed,  (Zoelly), 
tests   of,    272,    tahU,   276 
(cola  9,  10.  11) 
End,  (Parsons),  causes  and  cure  of,  120, 
Exhaust,  Energy  of  Steam  in  relation 

to,  357 
External,  Energy  of  Steam  used  in  over- 
coming,    during     Super- 
heating,   how   calculated, 
350 
Initial 
Change  in,  effect  of,  on  Steam  Con- 
sumption (Curtis),213<ife^. 
of  Peripheral  Speeds,  at  Bearings,  14, 
table,  15 
Regulation  of,  in   Stages,    Valves   for, 

(Curtis),  208-10 
Sections,  Ste{)s  or  Stages, 
A.E.G.  Turbine,  291 
Bateau  do.,  228  A  noU 
RiedlerStumpfrfo.,  2SS  iC-fi/j. 
Union  do,,  827 
Superheat,  and  Vacuum  in   Plants  in 
Operation,    422  et  seq.  d; 
tables 
in  use  with  Reciprocating   Engines, 
table,     426-7,     summary, 
Uihle,  423 
do.     do.     Turbines,     table,      424-5, 
summary,  table,  423 


Pressure  and  Volume 
at  low  Temperatures,  859,  fiy.,  360 
relation  between,  for  Superheated  Steam, 
385 
Prices  of  Coal,  see  Coal 
Princess     Elizabeth,      Turbine    Steamer, 
detaUs  of,  tables,  631,  734 
Princess  Maud,  Turbine  Steamer,  details 
of,  and  comparison  with 
Reciprocating  Engine 

Steamer,  tables,  680,  664 
etseq. 
Propellers)  of 

French     Turbine     Torpedo     Boats, 

ill,  739 
Turbinia,   1st,   trials  with  different 
numbers        of,       643-4, 
/l/.,645 
Additional,  on  Turbine  Shaft  of,  S.Y. 
Caroline,  681,    results  of 
tests  of,  682-3  ik  tables 
Propeller-Slip  of  Aviethyst,   at  Different 

Speeds,  tabU,  658 
Properties  of  Steam,  see  under  Steam 
Pumps, 
Air,  Circulating,  and  Lift,  see  Steam  Tur- 
bine Plant,  (68),  (69),  (70) 
Bateau    Turbo-Pumps,  fiig,,   239,   tests 
of,  table,  289  dt  noU 

QuARTBK-LoAD,  9u  under  Steam  Con- 
sumption 

Queen,  Turbine  Steamer,  details  of,  tables, 
630,  684  etseq,,ilL,^^Z, 
cross-section, /<7.,  692 

Qu4ien  Alexandra,  Turbine  Steamer, 
details  of  and'  comparison 
with  Reciprocating  Engine 
Vessel,  tables,  630,  664 
eiscq.,  ill,,  668 
Condenser  in,  tabU,  437 

Quick-Stop  Trials,  Jievolution  Turbine 
Steamer,  733 

Quincy  Point,  see  Steam  Turbine  Plant 

Radiation    from    Turbine    Casing,    (de 

Laval),  Losses  due  to,  70 
Radcliffe,  see  Steam  Turbine  Plant 
Rateau,    Professor    A.,   (see  also    Rateau 
Turbine    iiifra),    features 
of    his   work    in    Steam 
Turbine  design,  226-7 
**  Go-astern  '*  Turbine  invented  by,  636 
Views  of,  cUM,  on 
Impulse  and  Reaction  Turbines,  differ- 
ence between,  228-9  note  (*) 
Limits  of  Speed  and  Size  for  Marine 

Steam  Turbines,  682-8 
Numbers  of  Vanes,   in   relation    to 
Steam  Economy,  228  note 

{') 
Results  of  Tests  of  Torpedo  Boat,  JVb. 
11$S,  with  Turbines  and 
Reciprocating  Engines,  688 
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Rateau,  Professor  A.,  Views  of  {continued)— 

Theoretical  Steam  Consumption  of  the 

Perfect    Machine,    358-9 

Rateau  Regenei-ative  Heat   Accumulator, 
226-7,  246-60,  Ji^s,,  248, 
249 
various  types  of,  at 
Bethune  Mines,  250,  Jig.,  251 
Bruay  Mines,  247,^^.,  249 
Plallside  Works,    253-4,  figs.,    263, 
269,   ife  facing  262,   ills,, 
266,  266 
Hucknall  Torkard  Colliery,  260,  268, 

figs,,  267,  268 
Reunion  Mines,  250 
Rateau  Turbines,  see  also  Oerlikon  Rateau 
do,  A  Surface  Condensers 
Applications  of,  to  Centrifugal  Pumps, 
Fans,     and    Compressors, 
288 
Extent  of  use  of,  286 
400  E.H.P.,  Test  on,  tahU,  246 
General    description,    227,   fi>gs,,    226, 
230 
Bearings,  236  A  note,  figs.,  227,  282, 

283 
Diaphragms,  229,  280,/^.,  229 
Glands,  286 
Governor  and  Compensator,  284,  fig. 

Joeing  232 
Nozzles, 

Expanding,  229,  284,^.,  229 
Pressure  Steps  or  Stages  in,  228  tt- 

noU(^) 
Regulating  Valve,  234 
Shaft,  232  A  note  232-3 
Speed  Control,  (see  Governor  A  Regu- 
lating Valve,  supra),  234 
Speed  Reduction,  229  note 
Vanes  or  Blades,  Revolving,  227,  228 

A  note.  Jigs,,  226,  228 
Wheels  of, 
Peripheral  Speed  of,  compared  with 

the  de  Laval  <<o.,  288 
resemblance  to,  of  those  of  Union 
Turbine,  237 
Low  Pressure,  with  Heat  Accumulator, 
Steam  Consumption  of,  effect  on,  of 
reducing  the  Vacuum  in, 
table,  241 
Tests  on,  (226  K.W.),  table,  246 
Power  Consumed  by  Auxiliaries,  240 
used  on  Ships, 
on  the  Caroline,  in  conjunction  with 
a   Reciprocating    Engine, 
636,  Jigs,,  679,  680,  tests 
of,  table,  681 
duplicate  of  those  in  French  Torpedo- 
Boats,  tests  of,  740,  table, 
737 
Rat«au    Turbo-Alternator,    Multicellular, 
360  K.W.,  Tests  of,  table, 
242 


Rateau  Turbo- Alternator  (eontiniied)— 
Turbo  Generators 

700  B.H.P.,  264,  ill,,  266,  figs.,  227, 

253 
Supplementary    High     Pressure,    at 

Bruay,  262 
2000  K.W.,  Steam  Consumption  in, 
241,  see  fig.,  p.  38 
do.  do.,  by  Sautter,  Harl^  &  Co., 

370  K.W.,  figs.,  232,  233,  table,  289 
note,  Test  of,  tables,  242, 
243,  244,  A  note  242 
600  E.  W.  Tests  of,  table,  246 
Turbo-Pumps,  tests  of,  fig.,  239,  table, 
239  <6  note 
Rated    Speeds  of   Parsons    Type   Turbo- 
generators, fig.,  160 
Reaction    Turbmes,    DiflFerence    between 
Impulse     Turbines     and, 
Rateau  on,  228-9  noU  (^) 
Recapitulation  of  the  Properties  of  Steam 
(subheads,  see  under  Steam) 
341    et    seq..    Jigs,,     861, 
868-61,  tahles,   342,   346, 
362 
Reciprocating  Engine(8),  see  also  Piston 
Engines 
in  use  with  Steam  Pressure,  Superheat, 
and  Vacuum,  table,  426-7, 
summary,  table,  428 
in  use  in  Steam  Ships 
Comparison  of,   wiih   Marine  Steam 
Turbines,  682,  to5/M,648-9, 
660-1    et  seq,,  figs.,   634, 
666,  Oil  Consumption  of, 
783,  relative  Consumption 
of  Steam,  634-6 
in  Cruisers, 

Record  Coal  Consumption,  table,  748 
in  Naval  Vessels,  tables,  648-9  et  seq, 
in  Steamers  owned  by  Railway  Co.*s. 
L.B.  k  S.C.  R.  and  Chemin  de  Fer  de 

POuest,  table,  686  et  seq. 
Midland  Railway,  table,  692  et  seq. 
S.E.  h  C.  Railway,  table,  684  et  seq. 
Steam  Pressure,  Superheat,  and  Vacuum 
in  use  with,  table,  426-7, 
summary,  table,  428 
Surface   Condensers   used   with,    table 
482-8 
Regenerative  Heat  Accumulator,  (Rateau), 
226-7,  246-60,  >^.,  248, 
249 
Regulating  Valves,  see  Valves 
Regulation,  see  also  Governors,  etc., 
A. E.G.  Polyphase  Turbo-generator  Sets 

for  working  parallel,  298 
Curtis  Turbine,  in  Stages,  208-10 
Regulator  in  different  Turbines, 
A.E.G,  294-6 
Brown-Boveri- Parsons,  122,^.,  138 

action  of,  fig.,  184 
Parsons,  122 
Rateau,  284,  fig,,  facing  282 
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RejTulator  in  different  Turbines  (eontd. ) — 
Union,  332,  fig,,  333 
Safety   rfo.,    vertical   and    horizontal 
types,  882,  ZZi.figs,,  383-6 
Residual  Kinetic  Energy,  see  Energy 
Results,  see  Mean  Representative  do. 
Reunion  Mines,  Rateau  Heat  Accumulator 

at,  250 
Revolution^     American     Turbine    Yacht, 
details  of,  tahle,  728  «t  seq. 
Tests  of,  732  et  seq, 

1.  Quick  Stop  Trials,  733 

2.  Weight  of  Curtis  Turbine  as  against 

that  of  Reciprocating  En- 
gines, 783 
8.  Oil  Consumed  by,  738 
Revolutions  per  minute,  various  Tyj)es  of 
Turbo- generators,  tablet  16 
Revolving     |)art    of    Four-Sta^e    Curtis 
Turbine,  fig.,  223 
Vanes  or  Blades,  see  Vanes 
Riedler-Stnmpf  Turbine,  273  et  seq. 
builders  of,  286,  290 
Details  of. 

Buckets,  or  Vanes, 

Double,  276,  figs.,  274,  275 
Single,  278,^.,  276 
Number  of,  276 

Overlap  of,  reason  for,  279,  fig.,  27 i, 
compared  to  that  in  Union  Tur- 
bine, 335 
Clearance,  large,  278 
Governor,  277 

Nozzles,   278,    279,    280,    figs.,    274, 
279,  280,  281 
Reversing,  (Lilienthal),  280-2,  288, 
figs.,  282,  288 
Pressure  Stages.  283  tL\fig. 
Shaft  in,  rigid,  279 
Speed  Regulator,  277 
Steam  admission  to,  278,  283-3,  figs., 
27 A,  279,  280,  282 
Consumption,  288,  table,  289 
Wheel,  (2000  H.P.),  274-9,  figs.,  274, 
276 
Breaking  Strength  of,  276 
Hub    of,   275-6,    figs.,    274,    276, 

278 
Peripheral  Speed  of,  276 
Stresses  on,  276-8 
Weight  of,  279 
Proportions    of,    eliminating    need    for 
Speed -reduction     gearing, 
273 
type,  compared  with  de  Laval  Turbine, 
similarity       of       general 
principles,  273,  274 
do.  with  Klektra  Turbine,  320 
mergence  of,  in  that  of  A.E.O.  Tur- 
bine, {q.v,),  286 
Vertical-Shaft  design,  284,  figs,  (show- 
ing condensers),  285,  286 
Riedler-Stumpf,  Turbo-generator, 
small  size,  20.  H.P.,  287-8,  fig.,  288 


'  Riedler-Stumpf,  Turbo-generator  (eanid. ) — 
small  size  for  Marine  Lighting,  details  of, 
Grauert  on,  286-7,  fig.,  287 
Test  results  on  1 475  K.  W. ,  direct-coupled 
to  D.C.  Dynamo,  (able,  289 
2000  H.P.  set,  Moabit  Works,  Berlin, 
described,    276,  278,  279, 
>!i7s.,276,277,  279,  290 
Rims,  or  Rings,  to  Wheels,  various  forbines 
de  Laval,  28 
!       Elektra,  322 

Hamiltou-Holzwarth,  309,  31 1 
Rateau,  279 

Riedler-Stumpf,    277,    278,    279,  figs., 
280.  281 
I       Union,  336 
Rotor  of 
Parsons  Turbine,  122,  figs.,  121,  122  A 
facing  122,  ill.,  148 
\       Union  Turbine,  weigh t  of,  how  eq ualised , 
:  335-6 

'       Westinghouse-Pareons  Turbo-generators, 
;  146,»;;.,  143 

Rugby,  Curtis  Turbine  Plant  at,  500  K.  W. 
alternating  current,  214, 
ill,  226 
Rugby  and  Cork,  Curtis  Turbine  Plant  at, 
continuous  current,  tests 
of,  214,  figs.,  216,  table, 
218-9  (col  6) 

I  Safkty-Reoulatok,  (Union),  vertical  and 
horizontal  types,  332,  334, 
figs.,  333,  334,  386,  336 
St    George,  Turbine  Steamer,   details  of, 
tables,  631 
Economy  in,  664 
Salejn,  Turbine  S(M)ut,  U.S.N.,  details  of, 

tables,  631,  728  et  seq. 
Samuelson,  F.,  tests  by,  on  Curtis-Turbo- 
Altemator,    Rugby,    217, 
tabu,  218-9  (col.  5.) 
Sapphire,    see     Topaze,     Sapphire,    and 

Diairumd,  Cruisers 
Saturated  Steam,  see  Steam 
Sea^ill,  H.M.S.  Torpedo  Gunboat,  Steam 
Consumption  o{,6S5,fig.,6S4 
Sensible  Heat,  see  Heat  in  Liquid 
Shafts  of  various  Turbines 
A.E.G.,  292 
Curtis, 

Vertical,  201 
de  Laval, 

Flexible,  94,/^.,  96 
Hamilton-Holzwarth,  309 
Subdivision  of,  and  Flexible  Coup- 
ling, 315-6 
Rateau,  232  d:  noU  232-3 
Riedler-Stumpf, 
Rigid,  279 
Vertical,  284 
Single-Wheel    Types    of    Turbines,    see 
de    Laval,    Elektra,    and 
I  Riedler-Stumpf 
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Size  of  Marine  Steam  Turbines,  see  Speed 

and  Size 
Sizes  of  yarious  Turbines,  see  Dimensions 

etc.  of 
Slots,  in  relation  to  Vanes,  (Parsons),  127 

SniflSn,    £.    H.,    carves    of,    concerning 
Foundations,  441,  444,^., 
442,  tdbU,  442 
South-Eastern  k  Chatham   Railway  Co., 
Turbine      Steamers       of, 
tables,  680-1,  684  et  seq. 
Specific  Weight  and  Volumes  of 
Saturated  Steam,  Sbl  dsjiy. 
Superheated  Steam,  352  it  fig, 
Speed(s) 
Acceleration,  Turbinia  1st,  643 
Equivalent  Values  for,  in  English  and 
Metric    Units,  22,    tahles, 
22,  23 
for  Land  Plants, 
in  relation  to 
Economy  of  Steam,  liA  table 
Economy  of  Weight,  13 
of  various  Turbines,  and  Turbo-genera- 
tors etc.,  see  also  Dimen- 
sions, etc. 
A.KG.  Turbo-generators,  2.  20  K.  W. 
298  df  tabU,  do.   50-750 
K.W.,    298    <&   tahle,    do. 
100-6000  K.W.  table,  298 
de  Laval,  relative,   of  Steam  and 
Turbine,  28 
300  H.P.,  reduction  gear  necessi- 
tated by,  273,  losses  in,  78 
Elektra,  Moderate,  how  secured,  320 
Hamilton- Holzwarth,  table,  319 
Parsons,  reduction  of,  129 
Parsons     Type     Turbo-generators, 

Rated, /^.,  150 
Rateau,  control  of,  and  reduction, 

229  note,  234 
Riedler-Stumpf,  need  of  reduction, 
how  avoided,  in,  273,  re- 
gulator for,  277 
Zoelly,  table,  264 
Constant,    and    different    Loads, 
tests  of,  270  <fe  fig.,  table, 
266-7,  (co^a.  3-5.  7,8.) 
Variable,  with  constant  Pressure, 
tests  of,  272,  table,  266-7, 
(cols.  9-11.) 
Over-rapiditv  of,  Impulse  working  of 
Turbine  to  lessen,  Rateau 
on,  228-9  note  («) 
Peripheral,  see  also  Peripheral  Speeds 
A.E.G.,  fairly  moderate,  291 
Curtis,  (of  Vanes),  208 
de  Laval  and  Parsons,  compared, 

130 
Elektra,  322 

Hamilton-Holzwarth,  809 
Parsons,  180 
Riedler-Stumpf,  275 


Speed  and  Size  Limits  for  Marine  Turbines, 
views  on,  of  Parsons  Mar- 
ine   Steam   Turbine    Co., 
634,  Rateau,  6:52-3.  Speek- 
man,  «3..,  White,  63'5 
Speed-reduction  and  Control  devices  and 
gearing,  see  Governors 
de  Laval,273,  losses  in,  178 
Parsons,  129 
Rateau,  229  note,  234 
Riedler-Stumpf,  (regulator),  277 
Speckman,  E.  M.,  cif^,  on 
relative  Steam  Consumption  of  Marine 
Steam  Turbines  and  Recip- 
rocating Engines,  635 
Speed     limits     for     Turbine     Vessels, 
685 
Stages,  (or  Pressure  Steps) 
Curtis  Turbine,  192,, fig.,  193 
Diaphragms  between,  194,  195 
Pressure  Regulation  in,  208 
Parsons  Turbine,  pros  and  cons  of,  120, 
129-30 
Starting  Platforms,  Uanxftnan  and  Londo^i- 
derry   Turbine    Steamers, 
10\,fig.,  l^Z 
Stationary  Blades  or   Discs,  Parsons  and 
Hamilton-Holzwarth  Tur- 
bines,  309-11,  Z\^,  figs., 
810,     311,    difference    in 
fixing,  810 
Steam, 
Admission,     Consumption,      Economy, 
Energy,  Expansion,  LeaK- 
age.  Passage,  Pressure,  etc., 
see  those  subheads  under 
names    of   Turbines,    and 
Vessels,  and  under  Piston 
Engines,  see  also  Pressure 
Steam  Engineering,  terms  used  in,  stated 
and  defined,  17  et  seq. 
Consumption,  see  Steam  Turbine  Plants, 
(57) 
Equivalent,  per  K.W.    hour,  E.H.P. 
hour,    and    I.H.P.    hour, 
table,  779-87 
Full  load,  under  Extreme  Conditions, 
comparisons  of,  415,  figs., 
418-9,420-1 
Mean  Representative  results  as  to,  for 
Steam  Turbines,  889  et  seq., 
fi^s.  392,  398-403 
Kilograms  of,   raised  per    Kiloj^ram  of 

Coal,  363,  364  <i;  table 
Properties  of.  Recapitulation  of,  341  «^ 
seq.,  tables  (Metric  Units), 
842-4,     (English    Units), 
345-7 
Energy, 
in  relation  to  Adiabatic  Expansion 

in  Saturated  Steam,  855 
Convertible,  importance  of,  341 
in  Saturated  Steam,   349,  tables, 
342,  845 
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Steam,  Properties  of  Ener^,  Convertible 
(cfmlinued)— 
in  relation  to 

Exhaust  Pressure,  reduced,  357 
Expansion,  355,  356-7 
requisite  to  produce  Steam  of  given 
qualities,    in    relation    to 
Total  Energy,  856,  tables, 
342  et  seq. 
in  Steam  and  Water,  (Water  partly 
evaporated),   relations  be- 
tween, 348-9 
used  in  overcoming  External  Pres- 
sure during  Superheating, 
how  calculated,  850 
Heat 
in  Liquid,  or  Sensible  Heat,  (S.), 
Si^,tablesy  342,  345 
Latent,  (L.),  841-8 
External,  during  Superheating, 

350 
Internal,  (L,.),  848 
Totel,  (H.),  349 
Steam,  tee  also  Steam,  Saturated,  and 
Superheated,  infra 
behaviour  of,   under  various   con- 
ditions,     instances      of, 
353-7 
in  Piston  Engines,  354-5 
in  Steam  Turbines,  357-8 
Consumption,   Theoretical,   of  the 
Perfect    Machine,   Kateau 
on,  358,  359  dt  figs. 
Superheating, 

External  Latent  Heat,  850 
Specific  Heat,  850,  fig,,  851 
Totel  Heat,  840 
Volume  and  Pressure  of,   at  Low 
Temperature,  859,^.,  860 
Saturated, 

Adiabatic  Expansion  of,  in  relation 

to  Energy,  855 
Convertible  Energy,  in,  849,  tetbles, 

342,  345 
Specific  Weights  and  Volumes  of, 

351  it  fig. 
Temperature  of,  see  table,  842,  etseq, 
and  Water,  Properties  of,  859,^.,  360 
Superheated,       see      also      Superheat 
A  Superheating 
prospects  of  iniproved  Economy  with, 
in  Piston  Engines,  (1) 
Steam    By-pass,   to    Intermediate  Stage, 

Turbine  Vessels,  709 
Steam  to  Glands,  Turbine  Vessels,  ib. 
Steam  Piping,  see  Steam  Turbine  Plants, 

(48) 
Steam  Pressure,  Superheat,  and  Vacuum 
in  Plants  in  Operation, 
422  et  seq,,  tables,  423, 
424-5,  426-7,  428 
Steam  Ships,  with  Steam  Turbines,  see 
Marine  Steam  Turbines 
and  Turbine  Vessels 


Steam    Turbine    Plant   and    Generating 
Stetion, 
Boston  L.  Street  Steam  Turbine  Plant 

and  Station, 
Figures,  Plans,  and  Illustrations  of. 
Elevation  of  Boiler  House,  jS^.,  478 
Sectional  £^0.,^^.,  480 
Transverse  do.,fi^.,  479 
Main  Steam  Turbine,  UL,  545 
Elevation,^.,  546 
Plan,  ;i^.,  547 
Piping  Deteils,  fig.,  481 
Plan  of  Power  House,  478 
Sectional  elo.,^.,  480 
Site,  467 
Brimsdown  Steam  Turbine  Plant  and 
Stetion, 
Figures,  Plans,  and  IllostrationB  of, 
Coal  receiving  and  conveying,  ills., 

511,  512-18 
Elevation,  ill,,  469 

Sectional  do,,  fig,,  487 
Plan,  486 

Turbine  Room  and  Switch-boards, 
ill,,  557 
Carville    Steam    Turbine    Plant    and 
Stetion, 
Figures,  Plans,  and  Illustrations  of. 
Elevation,  sectional,  fi>g,,  475 
Exciting  Circuit  Diagram,  fig.,  613 
Plan,  475 
Site,  plan,  465 

Switches  Motor-operated,  ill.,  616 
Switch  boards,  ills,,  614,  615 
Switch  gear,  back  and  front  view  of, 
figs.,  612 
General    arrangement    of,    figs. 

fweing  612 
High  Tension,  cross  section  of, 
fig,  facing  ^Vl 
Synchronising     Connections,    fig. 

faxing  612 
Wiring  diagram,  fig,,^\\ 
Delray,  Detroit,   Steam  Turbine  Plant 
and  Stetion, 
Figures,  Plans,  and  Illustrations  of, 
Cables,  plan,y£^.,  617 
Elevation,  ill,,  468 
Main     Turbine     and     Generator, 

ill.,  548 
Plans, 
Boiler  House,  fig.,  476 
Power  House,  fig,,  ib. 
Longitudinal  Section,  fig, ,  477 
Site,  plan,  466 
Switches,    oil    and    disconnecting, 

plan,^.,  617 
Transformers,  plan,^.,  617 
English   M'Kenna  Co.  Steam  Turbine 
Plant  and  Stetion, 
Figures,  Plans,  and  Illustrations  of, 
Elevation,^.,  489 

end  do,.  Sectional,^.,  490 
Plan,  489 
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Steam    Turbine    Plant    and    Generating 
Station  (eonlinued) — 
Lots    Road,    Chelsea,    Steam    Turbine 
Plant  and  Station,  see  also 
135  A  note  et  seq.  dt  ills., 
140-4,  640,  641 
Fifftires,  Plans,  and  Illustrations  of, 
Boiler  House,  UL,  614 
Cmviits,  Jig,,  602 
Coal  receiving  arrangements,  ill,, 

60S,  fig,,  509 
Condenser,  ill.,  569 
Elevation,  ill.,  468 

Sectional  do.,  fig,,  470 
Feed  Pump,  ill,,  515 
Greneiator    Switch    and    Potential 

Transformers,  HI,,  603 
Generators,  shoiim  in  fig.,  602 
Main  Steam  Turbine,  fig,,  640 
Piping  from  8  Boilers  to  one  Header, 

Ul,,  516 
VlAii,  fig.,  471 

Rheostats,  Motor-operated,  ill,,  609 
Site,  i>lan,  464 
Switches), 

Bus  bar  sectionalising  oil,  fig. ,  608 
Knife,  in  series,  etc. ,  fig. ,  A. 
Switch  gear  and  cables,   elevation 

and  diag. ,  figs, ,  604-5 
Switch-boards, 
Auxiliary,  610 

Feeder,  and  Generator,  ills,,  606, 
607 
Turbine  Room,  ill.,  641 
Motherwell   Steam  Turbine  Plant  and 
Station, 
Figures,  Plans,  and  Illustrations  of. 
Condenser,  ill.,  561 
Neasden    Steam    Turbine    Plant    and 
Station, 
Figures,  Plans,  and  Illustrations  of. 
Cooling  Towers,  UL,  660 
Elevation,  ill.,  468 

Sectional  do,,  fig,,  473 
Main  Steam  Turbine, /</.,  542 
Plan,  472 
Quincy  Point  Steam  Turbine  Plant  and 
Station. 
Figures,  Plans,  and  Illustrations  of, 
Curtis   Turbo-Generator,   3    views, 

fig.,  SA9 
Elevation  of  Power  House,  ill,,  483 
Plan  of  Power  House,  482 
Switch-boards,  ill.,  620 
Turbine  Platform,  fig.,  548 
Radcliffe    Steam    Turbine    Plant   and 
Station, 
Figures,  Plans,  and  Illustrations  of. 
Goal  delivery,  ill.,  blO,  fig.,  511 
Electric  Circuit  to  Auxiliaries,  dia- 
gram of,  j%r.,  624 
Electric  Connections,  diagram   of, 

fig.,  622 
Elevation,  ilk,  474 


Steam    Turbine    Plant    and    Generating 
Station— Radcliffe  {eonld,) 
Figures,  Plans,  and  Illustrations  of. 
Switch  •  board.      Main,     and      oil 

Switches,  HI.,  623 
Turbine  room,  interior,  ill.,  656 
Water  Accumulator  and  Pump  for 
footstep  Bearings,  ill.,  556 
Thornhill    Steam    Turbine    Plant   and 
Station, 
Fiffures,  Plans,  and  Illustrations  of, 
Curtis  set,  with  Condenser,  ill,,  553 
Elevation,  ill.,  469 
Sectional  <fo.,  484 
Exciters,  ill,,  564 

Feeder  Panels,  Main  H.T.,  ill.,  621 
Plan,  485 
Site,  plan,  466 

Switcn-board,     Main,     continuous 
current  Panels,  ill. ,  621 
Yoker  Steam  Turbine  Plant  and  Station, 
Figures,  Plans,  and   Illustrations  of, 
see  also  U6,df  ills.,  146,U7 
Elevation,  ill,  468 
Exciter  sets,  ill.,  552 
Main  Generating  sets  and  Conden- 
ser, ill.,  660 
R.P.M.,  set.  ill,,  561 
Switches,  High  tension  oil,  ill,,  620 
Switch- boards. 
Control  and  Instrument,  ill.,  618 
Gallery,  i/^.,  619 
Parts  common  to  the  above  stations 
Boiler  Feed,  (46.),  516-23 
Flues,  (41.),  500-7 
and  Superheater  Surface  etc.,  see 
table,  452-3 
Boilers,  (48.),  600-7 
Buildings,  (9.),  456-63 
Chimnevs,  (42.),  500-7 
Coal,    delivery     of,    and    storage, 
also  Bunker  capacity,  con- 
sumption,    quality,     ash 
removal      etc.,     (29-40.), 
456-63,  492-607 
Cost  per  ultimate  rated  E.  W.  capa- 
city, (2.),  456-68 
Eoonomisers,  (47.),  516-23 
Governors,  (59,  60.),  532-39 
Main  Steam  Turbines,  (56.),  524-31 
Mechanical  Stokers,  (44.),  516-23 
Pumps,  {und^  46.),  516-23 
Steam  Consumption,  (57.))  632-39 
Piping,  (48.),  524-31 
Valves,  (58.),  532-39 
Superheaters,  (45.),  516-23 
Water-Supply,  (49  et  seq.),  524-81 
Wharf  Cranes,  (31.),  492-99 
Steam  Turbines,  see  also  Turbines,  Tnrbo- 
altemators  etc, ,  and  various 
makes  under  names 
Commercial  EflSdencies  of,  and  of  Piston 
Engines,    under    Extreme 
Conditions,  figs.,  416-7 
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Steam  Turbines  (continxticd) — 
Condensers  used  with,  UMe,  4S0-1,  482-3 
Cost  in  relation  to,  2-11,  tables,  8-11 
Comparison  of  Cost  of  Different  types 

of  Engines,  table,  9 
of  Complete  Power  House,  9,  table,  8 
of  Condensing  Plant,  9,  10,  ds  tabUs 
of   Condensing  and  Non-Condensing 
Plant   (Allen's),   10-11   A 
tables 
First  Cost,  2,  3,  A  tables 
per  Ton,  how  arrived  at,  11,  table  (of 

Weight),  18 
of  some  Turbo-Gteneratore  and  Con- 
denser Plants,  4-7 
Tenders  and  accepted  Prices  for  1000 
K.W.  and  1600  K.W.  set 
A  tables,  5-7 
Steam  Turbines, 

Mean  Representative  Results  as  to  Steam 
Consumption    for,   889    et 
seq.,  figs,,  398,  and  com- 
parison   with  results    for 
Piston  Engines,  393  et  seq., 
figs. ,  398-401 
the  same  at  Various  Loads,  as  a  Per- 
centage of  the  Full  Load 
CoDsumption,    395,  figs,, 
402-3 
Standards  of  Reference  for,  889 
Steam  Turbines, 
Steam  Consumption  in,  at 

Full,  Half,  and  Quarter  Loads, 
curves  for,  389,  figs,,  390, 
391 
Pros  and  Cons  of 
Economy    obtainable     by,    operated 
Coudensing,  1 
Speed  in  relation  to,  2 
Weight  in   relation  to,  and  cost  per 
ton,  table,  18 
Steam  Turbine  Ships,  see  Turbine  Vessels 
Steam  Valves,  see  Steam  Turbine   Plant, 

(58.),  a*M^  Valves 
Stokers,  Mechanical,  «ee  Steam  Turbine8,(44) 
Stoney,  see  Parsons  and  Stoney 


from  Full  Speed,  Turbinia,  (1st),  646 
Quickly,  trials  of  the  Revolution,  733 
Stresses 
in  A.E.G.  Turbines,  how  dealt  with,  291 
on  Wheel  of  Riedler-Stnmpf  Turbine, 
276-8 
StuflSng  -  boxes,     (Hamilton  -  Holzwarth), 

816-7,^^.,  317 
Superheat,  see    also    Pressure,   Superheat 
and  Vacuum 
in  relation  to  Steam  Consumption 
A. KG.  Turbine,  304  A  table 
CnrtiB  do,,  fig.,  214 
de  Laval  do.,  64,  figs,,  64  et  seq, 
with  and  without  at  various  loads, 

tables,  55,  56 
with  varying  do,,  table,  58 


Superheat,    in   relation   to    Steam    Con- 
sumption  {cotttiniud) — 
Parsons  Turbine 
Constant,   with  Constant  Vacuum 
and  Mean  Absolute  Pres- 
sure, tables,  182-4,  185 
do,        do.  and  Varying  Absolute 
Pressure,    tables,     180-1, 
I  186 

I  do.        do.,    at  Full,   Half,  and 

Quarter  Loads,    Average, 

I  table,  187,  excess  of  Half 

I  and    Quarter    loads   over 

Full,  tabU,  188 
I  Varying,  162  et  seq.,  391,  S9S,figs., 

171-9,  896,  table,  178 
Various  types 
Estimated  Percentage  Decrease  in, 
per  degree  of.  Centigrade, 
tcUfU,  58 
Superheat 
Varying, 
effect  of,  on  Consumption  of 
Parsons  Turbine,  see  supra 
Piston  Engines,  885,/^.,  885,  386 
Zoelly  Turbo-generator,  table,  269 
Superheated  Steam,  prospects  of  improved 
results  with,  on  the  Piston 
Engine,  1 
Superheater  Surface,  in  some  of  the  Plants 

referred  to,  table,  452-3 
Superheaters,  see  Steam  Turbine  Plants, 

(45) 
Superheating,  349 
Energy  for  overcoming  External  Pres- 
sure  during,     349,    how 
calculated,  350 
Supplementary    High     Pressure    Rateau 

Turbines,  252 
Surface  Condensers,  see  Condensers 
Switches,   Switch    gears   etc.,  see  Steam 
Turbine  Plants,  (74) 


Tables  of  Equivalent  Areas,  LengUis, 
Measures,  Pressures,  Units, 
Weights,  etc.,  in  English 
and  Metric  Forms,  19-28 
Tarantula,  Turbine  Yacht,  details  of, 
tables,  680,  678  et  seq,, 
ill.,  677 
Tests,  see  under  Names  of  Turbines  etc., 

tested 
Thomhill,  see  Steam  Turbine  Plant 
Thrust,  in  various  Turbines 
Elektra, 

how  abolished,  322 
Parsons, 
how  caused,  and  how  dealt  with,  120, 
182,  A  fig. 
Westinghouse- Parsons, 
how  eliminated,  145,  146 
Thrust  Bearings,  see  Bearings 
Tonnage  in  relation  to  Cost»  11,  taide,  18 
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Sapphire  and    Diamond^    H.M. 
Cruisers  with  Reciprocat- 
ing    Engines,     com]>ared 
with  tlie  Turbine  Cruiser 
Amethystf  tables^  648  et  seq. 
Torpedo  Boat  Destroyers,  Turbine  Driven, 
British    Nary,    see    also 
Fe/oXy  Fiper, etc., compare 
with  30  Knots  Reciprocat- 
ing Engine,  tables,  630-1, 
659-60 
Torpedo  Boats 
Tiirbine  Driven 
French, 
details  of,  table,  735 
trials  of,  780,  table,  787 
German 
details  of,  table,  742  et  seq. 
Torpedo  Gunboat,  H.M.S.  Seagull,  Tur- 
bine driven,  Steam  Con- 
sumption of,  635,^.,  684 
Total  Heat,  see  Heat 

Tunisian,  Reciprocating  Engine  Steamer, 

details  of,  table,  710  et  seq. 

Turbine  Exhaust  to  Condenser,  see  Steam 

Turbine  Plants,  (66) 
Turbine    Steam    Ship    Co.,   of  Toronto, 
Turbine  Steamer    of,   see 
Turbinia  (2nd) 
Turbine  Vessels, 
List   of,  and    index    to  Further  Data, 
630-2 
Turbines    and     Reciprocating     Engines, 
Marine,  advantagesofjoint- 
use  of,  Parsons  on,  636-7 
Turbinia,  the  First,  details  of,  636  et  seq,, 
ill,  637,  tables,  680,  687, 
639,   642,   648,  647,  Jigs., 
638-9,  640-1,  646 
Acceleration  in  Speed  of,  643 
Cavitation  difQculties  with,  644-6,  ^s., 

647 
Going  Astern  in,  638 
Propellers    of,  tests  of,   with  different 
numbers,  643-4,  ^s.,  645 
Stopping  of,  from  Full  Speed,  646 
Water  consumption    of,   tests  of   etc., 
tables,  642 
Turbinia,   the  Second,  details  of,   tahles, 
630,  728  et  seq. 
Trials  of,  733,  table,  734 
Turbo- Alternators  and  Generators  etc.,  see 

under  Names 
Turbo -Generators,  various  makes 

Revolutions  per  minute,  table,  iS 
and  Condensing  Plants,  Costs  of  some, 
tables,  4-7 
Typical  Results  as  to  Steam  Economy  in 
Modem    Piston    Engines, 
370  et  seq,  t  Jigs,  tk  table 

Union  Steam  Ship  Co.  of  New  Zealand, 
Turbine  Steamer  of,  tables 
681,  685  el  seq. 


Union  Turbine,  illustrative  of  tendenw  of 
Steam    Turbine    Develop- 
ment, 387 
comparison  of,  with  other  makes, 
Curtis,  831 
Parsons,  331 
Rateau,  327 
60  H.P.,  Horizontal  Shaft,  Type  em- 
ployed up  to    300  H.P., 
385,  Jigs.,  388,  839,  ill., 
340,  test  on,  885,  table,  877 
Friction  in,  how  diminished,  385 
General  Description  of,  (800  H.P.),  827 
et  seq.,  figs.   382,  facing 
827,  ill.,  840 
Governor,  or  Regulator,  Z22,figs.,  883, 
884,  335 
and  Safety  do.,  (both  types)  832, 

334,  figs.,  383-6 
Valves  in,  832-4,  Jigs.,  383-6 

NoMles,  327,  831,  382,  ,figs,,  828 

diverging,  881 
Pressure  Stages,  237 
Rotor,  equalisation  of  weight  of,  385-6 
Vanes, 

moving  and  fixed,  827,   332,  885, 
Jigs.,  829,  380 

number  of,  how  kept  low,  381 

civerlap  of,   as   in    Riedler-Stumpf 
type,  835 
Wheels,  327,  881,  ZS5,fi^s.,  329,  880, 

335,  0/.,  831 
Steam 

admission,  881 

economy,  how  secured,  832 

passage,  how  directed,  827,  828,  381, 

advantage     claimed     for, 

835-6 
United  States  Navy,  Turbine  Vessels  of, 

tables,  631,  7  28  et  seq. 


Vacua,     Equivalent    Values,    based    on 
Metric    and    English  At- 
mospheres, tables,  788,  789 
Vacuum,  in  relation  to  Steam  Consump- 
tion, effects  of 
Constant, 

Curtis  Turbine,  ^.  216 
and  Constant  Superheat,  Full,  Half, 
and  Quarter  Loads,  Parsons 
Turbines,   Average,  table, 
187,  excess  of  Steam  Con- 
sumption   at     Half     and 
Quarter  Loads  over  Full, 
tabic,  188 
do.        do.  and  Mean  Absolute  Pres- 
sure,    Parsons     Turbine, 
tables,  182-4,  185 
do.        do.    and     Varying    Absolute 
Pressure  Parsons  Turbine, 
table,  180-1,  186 
Constant  and  Varying  Loads, 
Curtis  Turbine,  fig.,  217 
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Vacuum  (roTitinued) — 
Varying, 

Piston  Engines,   887,  fgs.,  facing 

388 
do.  and  Steam  Turbines,  405,  412 
etseq.yjigs.,  406-11 
do. ,  in  Steam  Turbines 
Curtis,  yEgr.,  216 
de  Laval, 

Full  Load,  5%  Jigs.,  68 
Half  Load,  69,^.,  60,  61 
Parsons,    162  c^  seq.,   176,    177, 
891,  398,  tables,  168,  171, 
172,  figs.,  163-78,897 
High,  Extra  Cost  of,  429,  485,  table,  434 

Obstacles  connected  with,  404 
Reduction  of,  in   Low  Pressure  Rateau 
Turbine  with  Accumulator, 
Effect  of  on  Steam  Con- 
sumption, table,  241 
Vacuum,  Steam  Pressure,  and  Superheat, 
in  Plants  in  Operation,  422 
et  seq, ,  A  tables 
Vacuum  Valve,  see  Valves 
Valves,  see  also  Steam  Valves 
between  A.E.G.  Turbine  and  Condenser, 

uses  of,  291 
Distributing,    in    Regulator   of    Union 

Turbine,  332,  j«^.," 383-6 
in    Governor,  Curtis    Turbine,    197-9, 

fi^gs.,  198.  200,  201 
Main  Inlet,   Hamilton-Holzwarth  Tur- 
bine,     how      controlled, 
811 
Pressure  Regulation,   in  Stages,  Curtis 

Turbine,  208-10 
Regulating,    Hamilton-Holzwarth   Tur- 
bine, 211 
Regulator,    Rateau    Turbine,    284,  fig. 

facing  282 
in    Safety- Governor,    A.E.G.    Turbine, 

296 
in    Safety-Regulators,    Union    Turbine 
function    of,   332-4,    335, 
836 
Safety,  in  Casing  of  A.E.G.  Turbine,  291 
Vacuum,  de  Laval  Turbine,  -104-5 
Vanes,  see  also  Blades,  and  Buckets 
number  of,  in  relation  to  Steam  Economy, 

Rateau  on,  228  iiole 
in  various  makes  of  Turbines 
A.E.G..  291 
Curtis,  192  Jk  fig. 

Peripheral  Speed  of,  208 
for  Marine  Work,  195 
de  Laval 
Friction    of    Steam    passing   over. 

Losses  due  to,  77 
Wear  of,  Deterioration  due  to,  78 
Elektra,  320,  822 

Hamilton-Holzwarth,    307,     809-11, 
figs.,  309,  310 
Stationary  do,  (or  Discs),  809-11, 
314,  figs.,  810,  811 


Vanes  in  various  makes  of  Turbines  {eontd. ) 
Parsons, 
construction  of  eta ,  126-7 
fixed  and  moving 
contour  of,  I2i,figs.,  124,  126 
relative    position    of,   124,    how 

secured,  182  d:  fig. 
stationary  *•  guide  "rfo.,  120 
at   high    pressure    end,    criticism 
on,  831 
numbers  of,  122  «{•  note,  808-9 
proportions  of,  in  750    K.W.  sot, 
125-6,  tabU,  126 
Union, 
moving  and  fixed,   827,  382,  835, 

fi^.,  329,  880 
number  of,  381 
overlap  of,  335 
Willans- Parsons,    151,   ill.,   139,  se€ 
also  127 
Vanes  and  Nozzles, 

Losses   due    to    Leakage    between,   (de 
Laval),  70 
Vanes  and  Wheels 
Some    Data    of   Various    Sizes  of,   (de 
Laval),  table,  89  et  seq. 
Felox,  Turbine  and  Reciprocating  Engine 
Torpedo    Boat    Destroyer, 
663,  details  of,  tables,  680, 
659-60,  668,  ill.,  662 
Coal  Consumption  and  Speed  of,  com- 
pared with    Reciprocating 
Engine  Ships,  table,  663 
Trials  of,  tables,  661 
Vertical  Shaft  design  Turbines, 
Curtis,  201 
Riedler-Stumpf,  284 
Victoria,  Reciprocating   Engine  Steamer, 
details  of,  table,  684  et  seq. 
Victorian,    pioneer    ocean-going   Turbine 
Steamer,  details  of,  table, 

630,  71^  et  seq.  ill,  714 
Turbine  Casing  for,  lU.,  715 

Viking,  Turbine  Steamer,  details  of,  tables, 
681,  664 
Economy  in,  table,  664 
Viper,  Turbine  Torpedo- Boat  Destroyer, 
details     of,     tabl4s,     630, 
659-60,  iU.,  661 
Condenser  in,  table,  437 
Virginian,  pioneer   ocean-going   Turbine 
Steamer,  details  of,  tables, 

631,  7l(iet8eq.,Ul.,7U 
Volumes,  see  Areas  and  Volumes,  Specific 

Weights  and  Volumes,  and 
Steam  at  LowTemperatures 

Warhb  Einheit,  (W.K),  defined,  17 
Water,  see  also  Steam  and  Water 
Consumption,    Turhinia  Ist,    tests   of, 

etc,to6^,  642 
Lubrication,  (Curtis),  204  A  fig. 
Supply,  see  Steam  Turbine  Plants,  (49 
etseq.) 
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Wear,  8U  Vanes,  de  Laval 
Weight,  see  DimensioDa  etc.,  arui  Specific 
Weight 
Boonomy  of,  in  relation  to  Speeds,  13 
in  relation  to  Steam  Turbines  and  Cost 

per  ton,  11,  tdble^  13 
of    Wheel,    Riedler  -  Stumpf    Turbine, 
279 
Weights  and  Pressures,  Equivalents  of,  in 
English  and  Metric  Units, 
tables,  21 
Weir  Beam  Air  Pump  in  Midland  Rail- 
way Go/s  Steamers,   t//., 
708 
Weishaupt,  J.,  tests,  and  illustrations  of 
Zoelly  Turbines  designed 
by,  265  S  noUy   ill.  263, 
tabU,  266-7 
Westinghouse    Companies    of    Pittsburg, 
U.S. A.,    and    Manchester, 
England,  builders  of  Par- 
sons Turbines,  119 
Westinghouse-Parsons 
Turbo-generating  sets,  at 

Chelsea  Power  House,  135  tts  twte,  et 
aeq,,    ills.,    140-4,     540, 
541 
New  York  Edison  Co.,  largest  yet 
undertaken,  147,  209  noU 
(2).    454,   i/ls.,   444,   465, 
481 
Yoker,    Double-flow    design,    146, 
Uls.,  146,  147 
tables  154-5,  d:  facing  156 
features  of, 

Direct-connected    enclosed   design, 
Hum       eliminated,      by, 
149 
Double-flow     design,     absence     of 

Thrust  with,  146,146 
Efficiency  of  largest,  at  Full-Load, 

149 
Overload      possible      with,      145, 

149 
Rotor  of,  U6,Ul.,  143 
Steam  in 
flow  of,  145 
velocity  of,  148 
Steam    Consumption    in,    143,    148, 
table,  143 
Variation  in 
with    Varying     Pressure,     Jig., 

159 
with    Varying   Superheat,  figs., 
173,  174,  175 
Summary  of,   in  reference  to  Steam 
Pressure,   Superheat,    and 
Vacuum,  428  <£*  table 
Wharf  Cranes,  see  Cranes 
Wheels,  in  different  makes  of  Turbines 
Peripheral     Speeds     of,     14,    table, 
15 
A.E.G.,  291 
Peripheral  Speeds  of,  291 


Wheels,  in  different  makes  of  Turbines 
{continued) — 
de  Laval,  88-6,^.,  86 
Breaking  of,  unimportant,  278 
Description    of,    83,    figs.,    82,    84, 

86,86 
Losses   due    to  Bearing  Friction  of, 

I  do,        do.  to  Friction   of,  Revolv- 

I  ing  in  the  Steam,  71 

I       Elektra,  820,  322,/^.,  821,  ai.,  822 
Peripheral  Speed,  322 
Hamilton-Holzwarth, 
Built-up,     807,    808-9,    figs.,    309. 

310 
Peripheral  Speed,  309 
Steel  band  round,  outside  Vanes,  use 
of,  809,  311 
Parsons 
Resemblance  of,   to  those    of  Union 

Turbine,  331 
Rotating    in   medium    of  graduated 
density,  120 
Riedler-Stumpf,    (2000    H.P.),    274-9, 
^s.,  274,  276 
Breaking-strength  of,  276 
Hub  of,  275-6,  figs.,  274,  276,  278 
Peripheral  Speed  of,  275 
I  Stresses  on,  276-8 

Weight  of,  279 
I       Union,  327,  331,  835,  figs.,   329,   380, 
I  335,  Ul.,  331 

i       Zoelly,  discs  of,  260,  fig.,  262 

Wheels  and  Vanes,    (de  Laval),   Various 
!  sizes.  Some  Data  of,  table, 

i  89  et  seq. 

White,  Sir  W.,ci«ed,  on 
I       Going  Astern,  in  Turbine  Vessels,  636 

Limits  of  Speed  and  Size  for  Marine 
I  Steam  Turbines,  633 

I  Willans  and  Robinson  Parsons  Turbines 
with  Allen  Surface  Con- 
I  denser,  439  <(;/^. 

details  of,  161-3,  i^/.,  162 
Steam  Consumption  in,  161 
Vanes,  fixation  of,  151,  ill.,  139,  see 
also  p.  127 
features    of   Foundations   of,    for    two 
1000   K.W.   Turbo-gener- 
rators,  441,  table,  448 
Wire     binding     of     Vanes,     (Parsons), 

127  cfe  note 
Work,  relation  to,  of  Energy  of  Steam, 

341 
Work,  Heat  and  Energy  Units,  see  Energy 
etc. 


Yachts,  Turbine  driven,  {see  also  No. 
1125),  list  of,  with  owners 
and  data,  tables,  630-1, 
669  et  seq. 
Turbine  and  Reciprocating  Engine, 
table,  673  el  seq. 
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Yarrow  &  Co.  Ltd.,  Steam  Turbine  Vessels 
built  by,  table,  673 

Yoker  Power  House,  {$ee  cUso  Steam  Tur- 
bine Plants  and  Generat- 
ing Stations),  Westing- 
house  Co.'8  Turbo-generat- 
ing sets  for,  146,  UU.,  146, 
147,  table,  164-5,  tt/aeing 
166 


ZoELLY  Turbine 

General       Description       of, 
figs.,  261,  265 
Bearings,  268,  ill.,  268 

Thrust  do.,  ib. 
Diaphragms,  262,  fig.,  263 


260, 


Zoelly    Turbine,    General    description    of 
(continued)— 
Glands,  264 
Governor,  262-S,  fi^s.,  261,  264 

Emergency  do.,  268 
Lubrication,  (oiling),  268 
Vanes,  260,  ^S^.,  262 
Wheel  discs,  260,  fig.,  262 
Marine  Turbines,  272 
Tests  of,  with 
Constant    Pressure    and    Variable 
Speed,    270,    272,     table, 
2M-7,  fig.,  270 
Constant  Speed  and  Different  Loads, 

270dfe^.,toWej  266-7 
Varied  Superheat,  table,  269 
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